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The present invention relates to novel 
pyrrolidinones, pharmaceutical compositions containing 
these compounds and their use in treating allergic and 
inflammatory diseases and for inhibiting the production 
of Tumor Necrosis Factor (TNF) . 

Rarkgrnun ri nf the Invention 



Bronchial asthma is a complex, multifactorial 
disease characterized by reversible narrowing of the 
airway and hyperreactivity of the respiratory tract to 

external stimuli. 

It is now understood that the symptoms of 
chronic asthma are the manifestations of three distinct 
processes : 

1) an early response to antigen, 2) a delayed or late 
response to antigen, and 3) chronic inflammation and 
airway hyperreactivity. Cockcroft, Ann. Allergy 55:857- 
862", 1985/ Larsen, Hosp. Practice 22:113-127, 1987. 
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The agents currently available (P-adrenoceptor 
agonists, steroids, methylxanthines, disodium 
cromoglycate) are inadequate to control the disease; 
none of them modify all three phases of asthina and 
nearly all are saddled with limiting side effects. Most 
importantly, none of the agents, with the possible 
exception of steroids, alter the course of progression 

of clironic asthma. 

Identification of novel therapeutic agents for 
asthma is made difficult by the fact that multiple 
mediators are responsible for the development of 
disease. Thus, it seems unlikely that eliminating the 
effects of a single mediator will have a substantial 
effect on all three components of chronic asthma. An 
alternative to the "mediator approach" is to regulate 
the activity of the cells responsible for the 
pathophysiology of the disease. 

One such way is by elevating levels of cAMP 
(adenosine cyclic 3 \ 5 --monophosphate) . Cyclic AMP has 
been shown to be a second messenger mediating the 
biologic responses to a wide range of hormones, 
neurotransmitters and drugs (Robison fitii-r Cyclic AMP . 
Academic Press, New York, pgs. 17-47, 1971; Krebs 

pnHnrrJ rinl c yjy j "^"^Lll^ ^.iLl^ ^"j*! ^"^ 1 - 



25 rnmr— «~ "^ica, P<3*- 17-29, 1973). When the 

appropriate agonist binds to specific cell surface 
receptors, adenylate cyclase is activated which converts 
Mg 2+ -ATP to cAMP at an accelerated rate. The actions of 
cAMP are terminated by cyclic nucleotide phosphodi- 
esterases (PDES), which hydrolyze the 3 '-phosphodiester 
bond to form 5 1 -AMP, an inactive metabolite. 

Cyclic AMP modulates the activity of most, if 
not all, of the cells that contribute to the 
pathophysiology of extrinsic (allergic) asthma. As 
such, an elevation of cAMP would produce beneficial 
effects including: 
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the HIV infection. These- cells, like T cells, are 
j targets for viral replication and the level of viral 

replication is dependent upon the activation state of 
the cells- [See Rosenberg et al., The Immunopatho- 

5 genesis of HIV Infection, Advances In Immunology, Vol. 
57, (1989)]. Monokines, such as TNF, have been shown to 
activate HIV replication in monocytes and/or macrophages 
[See Poli, et al., Prnn, Natl ftrarl. fici., 87:782-784 
(1990)], therefore, inhibition of monokine production or 

10 activity aids in limiting HIV progression as stated 
above for T cells. 

It has now been discovered that monokines are 
implicated in certain disease-associated problems such 
as cachexia and muscle degeneration. Therefore, 

15 interference with monokine activity, such as by 
inhibition of TNF production, in an HIV-infected 
individual aids in enhancing the quality of life of HIV- 
infected patients by reducing the severity of monokine- 
mediated disease associated problems such as cachexia 

20 and muscle degeneration. 

TNF is also associated with yeast and fungal 
infections. Specifically Candida Albicans has been 
shown to induce TNF production JLn yitro in human 
monocytes and natural killer cells. [See Riipi fi t a l., 

25 infection- and-lnununity, Vol .-58, r No;-9, p. -2750-54 

(1990) ; and Jaf ari pt- al-. Journal of Infectious 
Diseases, Vol. 164, p. 389-95 (1991). See also Wapan bL 
al. f Antimicrobial Agents and Chemotherapy , Vol. 35, No. 
10, p. 2046-48 (1991) and Luke fit al.. Journal of 

30 Infectious Diseases, Vol. 162, p. 211-214 (1990)]. 

The discovery of a class of compounds which 
inhibit the production of TNF will provide a therapeutic 
approach for the diseases in which excessive, or 
unregulated TNF production is implicated. 
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This invention comprises benzyl pyrrolidines 
represented by Formula (I) , and pharmaceutical 
compositions containing these compounds. 

This invention further constitutes a method of 
inhibiting phosphodiesterase IV in an animal, including 
humans, which comprises administering to an animal in 
need thereof an effective amount of a compound of 
Formula (I) . Phosphodiesterase IV inhibitors are useful 
in the treatment of a variety of allergic and 
inflammatory diseases including: asthma, chronic 
bronchitis, atopic dermatitis, urticaria, allergic 
rhinitis, allergic conjunctivitis, vernal 
conjunctivitis, eosinophilic granuloma, psoriasis, 
rheumatoid arthritis, septic shock, ulcerative colitis, 
Crohn's disease, reperfusion injury of the myocardium 
and brain, chronic glomerulonephritis, endotoxic shock 
and adult respiratory distress syndrome. In addition, 
PDE IV inhibitors are useful in the treatment of 
diabetes insipidus, (Kidney Int. 37:362, 1990; Kidney 
' int. 35:494, 1989) and central nervous system disorders 
such as depression and multi-inf arct dementia. 

This_invention further constitutes a method of 

" inhibiting the production of TNF in an animal, including 
humans, which comprises administering to an animal in 
need thereof, an effective amount of a compound of • 

formula (I) - 

This invention also relates to a method of 
treating a human afflicted with a human immunodeficiency 
virus (HIV) , AIDS Related Complex (ARC) or any other 
disease state associated with an HIV infection, which 
comprises administering to such a human an effective TNF 
inhibiting amount of a compound of Formula (I) . 

The present invention also provides a method 
of preventing a TNF mediated disease state in an animal 
in need thereof, including humans, by prophylactically 
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administering an effective amount of a compound of 
Formula I . 

The compounds of the present invention are 
also useful in the treatment of additional viral 
infections, where such viruses are sensitive to 
upregulation by TNF or will elicit TNF production in 
vivo . The viruses contemplated for treatment herein are 
those which are sensitive to inhibition, such as by 
decreased replication, directly or indirectly, by the 
TNF inhibitors of Formula (I). Such viruses include, 
but are not limited to; HIV-1, HIV-2 and HIV-3, 
Cytomegalovirus (CMV) , Influenza, adenovirus and the 
Herpes group of viruses, such as. Herpes Zoster and 
Herpes Simplex. 

The compounds of Formula I are also useful in 
the treatment of yeast and fungal infections, where such 
yeast and fungi are sensitive to upregulation by TNF or 
will elicit TNF production in 2dJ£Q. 

A preferred disease state for treatment is 
fungal meningitis. Additionally, the compounds of the 
Formula (I) may be administered in conjunction with 
other drugs of choice, either simultaneously or in a 
consecutive manner, for systemic yeast and fungal 
infections. Drugs of choice for fungal infections, 



~23~~ includelmt are not limited to the class of compounds 

called the polymixins, such as Polymycin B, the class of 
compounds called the imidazoles, such as clotrimazole, 
econazole, miconazole, and ketoconazole/ the class of 

I compounds called the triazoles, such as fluconazole, and 

30 itranazole, and the class of compound called the 
> Amphotericins, in particular Amphotericin B and 
liposomal Amphotericin B. 

The preferred organism for treatment is the 
Candida organism. The compounds of the Formula (I) may 

35 be co-administered in a similar manner with anti-viral 
or anti-bacterial agents. 
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The compounds of the Formula (I) may also be 
used for inhibiting and/or reducing the toxicity of an 
i anti-fungal, anti-bacterial or anti-viral agent by 
' administering an effective amount of a compound of the 
5 Formula (I) to a mammal in need of such treatment. 
' Preferably, a compound of the Formula (I) is 

administered for inhibiting or reducing the toxicity of 
the Amphotericin class of compounds, in particular 
Amphotericin B. 

pp ff^^H p po^pUnn nf *" np Tnvpnr.lon 
The compounds of this invention are 
illustrated by the formula (I) 
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^N— CH— (O),— (CH 2Jni — A Xl) 



R 3 n * 



wherein : 



R! is Cj[_i2 alkyl unsubstituted or substituted 
by 1 or more halogens, C 3 _ 6 cyclic alkyl unsubstituted or 
Tutetitul^edb^ 



C 4 _ 6 cycloalkyl containing one or two unsaturated bonds; 
C7-H polycycloalkyl, (CR 14 Ri 4 ) n C (0) -0- (CRi 4 Ri4)nT R 10' . 
(CRi 4 Ri4) n C(0)-0- (CR 14 Ri 4 ) r -Rn, (CR 14 Ri 4 ) x ofl ' 
(CRi 4 Ri A > s° < CR 1 4 R 1 4 ) m" R 10 r (CR 14 R 14 ) 3 0 (CR]. 4 Ri 4 ) r" R l 1 ' 
30 (CR 14 R 14 ) n -< c <°) NR 14)-< CR 14 R 14)m- R 10' <C R 14 R 14>n- 
JC(0)NRi4)-(CRi 4 Ri 4 ) r - R ll' (CRi 4 Ri 4 ) y - R H/ or 
(CRi 4 Ri 4 ) z~ R 10' 

Xi is O or S; 
X2 is O or NRi 4 ; 
35 X3 is hydrogen or X; 

X is YR 2 , halogen, nitro, NR 14 Ri 4 , or formamide; 
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Y is 0 or S(0)m; 

R 2 is -CH 3 or -CH 2 CH 3 , each may be 

unsubstituted or substituted by 1 to 5 fluorines; 

R 3 is hydrogen, halogen, CN, Ci_4alkyl, 
halo-substituted Ci- 4 alkyl, cyclopropyl unsubsti- 
tuted or substituted by Rg, OR 5 , -CH 2 OR 5 , -NR5R16, 
-CH 2 NR 5 Ri6, -C(0)OR 5 , C(0)NR 5 Ri 6 / -CH=CR 9 R 9 , -C=CR 9 

or -C(-Z)H; 

R31 is hydrogen, halogen, Cj^alkyl, haio- 

substituted C^alkyl, cyclopropyl unsubstituted or 

substituted by R9, -CH 2 OR 5 , -CH2NR5R16* -C(0)OR 5 , 

-C(0)NR5Ri6 or -C(=Z)H; 

A is 



35 





or 



(a) 



(b) 



(c) Ci_3 alJcyl unsubstituted or substituted by 
one or more fluorines or one or two R 4 groups; 
m -is -an - JLnteger_f rom_Q_.t o_2 ; 



n is an integer from 1 to 4; 
q is an integer from 0 to 1; 
r is an integer from 1 to 2; 
s is an integer from 2 to 4; 
x is an integer from 2 to 6; 
y is an integer from 1 to 6; 
z is an integer from 0 to 6; 

R 4 is independently hydrogen, Br, F, CI, -NR5R6' 
NR 6 R16, H0 2 , -C<*>*7, -S<0>m*12, CN, OR 16 , -OC (0, ™5*16< 
1 or 2-imidazolyl, -C <=NR l6 > NR5R16, -C (-NR5) -SR 12 , -OC(0,CH 3( 
-C(=NCN)NR 5 Rl6' -C(S)NR 5 Rl 6> -NRi 6 -C «» -Ri 5 » C(0)R 15 , 
oxazolyl, thiazolyl, pyrazolyl, triazolyl or tetrazolyl; 
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By the term "aryl" or "aralkyl", unless 
specified otherwise, as used herein is meant an aromatic 

, ZZ\r ring system of ^-^^ thB 

. phenyl, benzyl, phenethyl or naphthyl. ereferab 

5 aryl is monocyclic, i.e., phenyl. 
I Examples of C 7 -u polycycloalkyl are 

b icyclo [ 2. 7 .. l .-..e Pt yl, f^ 2 ; 2 ^^, etc . 

Mcyciocs a.x^ctyi « - = - I sacoamano 

^„re is incorporated herein hy reference in its 
entiietJ - Examples of rings .hen * 5 and Mf «- 

-~ r rr:rrr 9 ^rr 

from on, and S include but are ™ 
1-imidazolyl, 1-pyrazolyl, 1 trlazoiy, 
tetrazolyl, 2-tetr.zoyl, morpholinyl, piperazioyl, 
pyrro lyl ring. on farther proyides for , 

pharmaceutical compositions of the compounds of Formula 

^he-invention^provides^ethod^nM^ing^ 

PDE w which comprises administering to a subject in 

h fhoreof a compound of Formula (I) • 
need thereof P , method 

. ,„I„c of allergic and inflammatory disease which 

---- - • -** - 

treatment of asthma which comprises administering to a 
s^ect in need thereof, an effective amount of a 
compound of rormula ,X, ^ ^ _ 
treating, Practically or therapeutically, disease 
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b ut many other cells produce monokines, such as natural 
Slier cells, fibroblasts, basophils, neutrophils, 
Z thellal cells, brain astrocytes bone marro- stromal 
cells, epical keratinocytes, and P -lym P hoc,tes 
5 »mph kines are oenerally referred to as beino produced 
Z lymphocyte cells. Example, of cytokines for the 
11 ent invention include, but are not lifted to 
tnterleukin-1 (I L-1,, Interie»kln-6 . 
Necrosis Factor-alpha <THF«> and Tumor Necrosis Factor 

10 1 ™ FP L- preferred subgroup of formula 1 is formula 

(Ib>: 



15 T \t— CH — (0) q — (CHa^n y v£ (lb) 



20 



30 





Rl is C 4 -C 6 cyclic alkyl, unsubstituted or 

* substituted by one to three ^77 
r, n alkvl, unsubstituted or substituted oy x to 
SuIrlnes^CH.UCJOJO^CH^ 
a" -,CB 2 ) S 0H; -CH 2 -cyclopentyl; -CH 2 -cyclo P ropyl or 

3-tetrahydrofuranyl; 

s is 2 to 4/ 

X Is -xR 2 , halogen, nitro, amine, Cl - 2 dlalkyl- 
amine, Cl - 2 .no„oalkylamine, or formyl amine; 
j ■ y is 0 or S l0) m ; 

R 2 is -CH 3 or -CH2CH3, each may be 

35 Xi is O or S; 

q is 0 or 1; _ rl 

R 4 is independently hydrogen, Br f F, CI, 
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-NR5R16, N0 2 , -C(Z)R 7 / -S(0) m Ci- 3 alkyl, CN, OR 16/ 
-OC(0)NR 5 Ri6,l or 2-imidazolyl, -C (=NR 16 )NR 5 Ri 6 , 
_C(=NR 5 )-SRi2, "C(0)Ri5, -OC(0)CH 3 , -C <=NCN> NR5R16, 
-C(S)NR 5 Ri6 or -NH-C (0) -R15,. 
5 r 5 is independently hydrogen or Ci_4alkyl 

unsubstituted or substituted by one to three fluorines; 

R6 is H, R i2 f -C(0)Ri2/ -C(0)C(0)R 7 , 
-C(0)NR 5 Ri 6 > S(0) m CRi2, -S(0) m CF 3 , -C (-NCN) SR 12 , 
C(=NCN)NR 5 Ri 6 r -C(=MCN)Ri 2 , or -C <-NR 16 ) R i2 ; 
10 R 7 is OR 5 , NR5R16 or Ri 2 ; 

R 8 is H or -C(0)R 7 ; 

R 9 is hydrogen, F or Ri2»" 

r 12 is C 1 _ 4 alkyl unsubstituted or substituted 

by one to three fluorines; 
15 r 14 is H or a C 1 _ 2 alkyl unsubstituted or 

substituted by one or more fluorines; 

R 15 is Cj-4 alkyl unsubstituted or substituted 
by one or more halogens; -CtOC^ alkyl, unsubstituted 
or substituted by one or more halogens; oxazolidinyl, 
20 oxazolyl, thiazolyl, pyrazolyl, triazolyl, tetrazolyl, 
imidazolyl, imidazolidinyl, thiazolidinyl, iaoxazolyl, 
■ oxadiazolyl, thiadiazolyl, morphollinyl, piperidinyl, 
piperazinyl, or pyrrolyl, and each of the heterocyclics 
may be unsubstituted or substituted by one or two C 1 - 2 

15' alkyl groups; ~ 

R 16 is 0R 5 or R 5; or a pharmaceutically 

acceptable salt thereof; 

Preferred compounds are those in which Ri is 

CH 2 -cyclo P ropyl, CH 2 -C 5 - 6 cycloalkyl, C 4 - 6 cycloalkyl, 
30 tetrahydrofuran, cyclopentenyl, -C1-7 alkyl optionally 
substituted by one or more fluorines or chlorines and 

! ' -<CH 2 )2-4 OH ' X l and X 2 are X iS YR2 

oxygen; R 2 is a Cl _ 2 alkyl optionally substituted by one 

or more halogens, preferably f luorine « chlorlm* one 
35 R 3 is hydrogen and the other R 3 is hydrogen, C 5 CR 9 , CN, 
C(=Z)H, CH 2 OH, CH 2 F, CF 2 H, or CF 3 ; Z is 0, NCN or NOR 5 ; 
R 3 , is hydrogen; X 3 is hydrogen; A is (a); R4 is H, Br, 
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OR 16 , CN, NR 5 R 6 , N0 2 , C(0)R 7f S(0, ra R 12 , 1 or 2 
imlLolyl, -OC(0)CH 3 or NUC<0,R 15 ; *8 ±- 
C(0,OEt; Rl4 is hydrogen, CH 3 , NHf or NHC(0,CH 3 . 

More preferred are compounds in which R X is 
Cl 4 alkyl substituted by 1 or more fluorines, 
CH2-cyclo P ropyl, CH 2 -cyclo P entyl, cyclopentyl or 

cyclopentenyl; R 2 is methyl or s^ 1 ^* 
? -iirvi. is hydrogen, C-CH or CN; and R 4 is 
Cl 2 alkyl, R 3 is ny g , -NHC (NCN) SCII3, 

15 -NHC(0)C11 2 C1, -NHCtOJ-oKazolidinyl, NHC 10) , 
dimethyl-oxazolidinyl or OH. 

Most preferred are compounds wherein R X is 
cyclopentyl, CF 3 , CH 2 F, CHF 2 , CF 2 CHF 2 , CH 2 CF 3 , CH 2 CHF 2 , 

20 CH 3 CH 2 -cyclo P entyl, CH 2 -cyclo P ro P yl or cyclopentenyl 
R 2 3 ls CF 3 , CHF 2 , or CH 2 CHF 2 ; one R 3 is hydrogen and the 

• other R 3 is hydrogen, C S CH or CN and is in the 
4-position; one R 4 is hydrogen and the other is 
NHC(0)CH 3 , NH 2 , NH-C(=NCN)SCH 3 , NHC (0) C0 2 CH 3 , C(0)0CH 3 , 

»' NHC O NH NHC (0) C (0) CH 3 , or NHC(0,C(0,NH 2 ; or where n 

both R 4 groups are NH 2 or NHC(0)C H 3 ; R 6 is hydrogen an d 
Rl4 is hydrogen. 

Especially preferred are the following compounds: 

30 1- (4-Aiainobenzyl) -4- (3-cyclo P entyloxy-4-methoxy- 

phenyl) -2-pyrrolidinone; 

!- (4-Acetamidobenzyl) -4- (3-cyclo P entyloxy-4- 
35 methoxyphenyl)-2-pyrrolidone; 

■ 1 - ( 4-Oxamidobenzyl)-4-(3-cyclopent y loxy-4-m e thoxy- 
phenyl) -2-pyrrolidinone; 
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4- (3-Cyclopentyloxy-4-methoxyphenyl) -1- (2, 4- 
diacetanddobenzyl) -2-pyrrolidinone; 

4- (3-Cyclopentyloxy-4-methoxyphenyl) -1- (2, 4- 
5 diaminobenzyl) -2-pyrrolidinone; 

!_ (4-carbomethoxybenzyl) -4- (3-cyclopentyloxy-4- 
methoxyphenyl) -2-pyrrolidone; 

10 4- (3-Cyclopentyloxy-4-raethoxyphenyl) -1- (4-N ' - [N-2- 

cyano-S-methyl-isothioureido]benzyl) -2-pyrrolidone 

1- (4-N-Carboinethoxycarbamidobenzyl) -4- (3- 
cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidone; 

4- (3- (Cyclopentyloxy-4-methoxyphenyl) -1- (4-N- 
lureidoJbenzyl-2-pyrrolidone; and 

4- (3-Cyclopentyloxy-4-methoxyphenyl) -1- (4- 
20 pyruvamidobenzyl) -2-pyrrolidinone . 

Most especially preferred are: 

(S ) -i- (4-Aiuinobenzyl) -4- <3-cyclopentyloxy-4- 
25 methoxypheny 1 ) -2-p yrrolldinon e; 



15 
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35 



(R) -1- (4-Acetamidobenzyl) -4- (3-cyclopentyloxy-4- 
methoxyphenyl) -2-pyrrolidinone; 

(S) -1-4-Acetamidobenzyl) -4- (3-cyclopentyloxy-4- 
methoxyphenyl) -2-pyrrolidone; 

General Synthesis 

Compounds of the Formula (la) 
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X, 



N— CH— (0) q — (Cll 2h „ — A da) 



can be prepared by a process which comprises: 

a) for compounds wherein R 3 is H, Rl2 or cyclopropyl 
unsubstituted or substituted by R 9 and X and X 3 are other 
than 8(0)^2 ("herein m = 1 or 2), Br, I. N0 2 or formyl 
amine; reacting a compound of the Formula (2) 



wherein X 2 Rl, X and X 3 respectively represent X 2 Rl, X 
and X 3 as defined in relation to Formula (I) or groups 
convertable ±o„ X 2 Ri, X_and_X 3 ;_and L Xi _ia L H ! _j ! ±t*_ ! n 
appropriate malonic acid ester derivative, such as 
dimethyl malonate, in a suitable solvent, such as 
benzene or toluene, at reflux with or without an 
appropriate catalyst (e.g., titanium tetrachloride or a 
tertiary amine base with or without added acid) and/or 
with azeotropic removal of water under an inert 
atmosphere, to provide a compound of ^ ^* 
Rl7 is an alkyl or aryl group and RIB is C00R17, 




(3) 
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Reaction of such a compound of Formula (3) in a suitable 
solvent, such as an aqueous alcohol, at 25-90°C with a 
source of cyanide, such as sodium, potassium or tetra- 
alkylammonium cyanide, provides compounds of the Formula 
(4) 

Bi ° 



10 




(4) 



IS 



20 



25 



wherein R3« is II or COORn, typically as a mixture. 

Alternatively, reaction of a compound of the 
Formula (2) with, e.g., carboalkoxy- or carboaryloxy- 
methylene trialkyl- or triarylphosphorane, provides a 
compound of the Formula (3) wherein Rib is II. Reaction 
of such a compound of Formula (3) in a suitable solvent, 
such as an aqueous alcohol, at 25-90°C with a source of 
cyanide, such as sodium, potassium or tetra- 
alJcylammonium cyanide, also provides compounds of the 
Formula (4) wherein R3' is H. 

Alternatively, reaction of a compound of the 
Formula (3) wherein Rj.8 is H with the anion of 



nitromethane" 'generated" from' an appropriate base or in 
the presence of an appropriate catalyst, such as 
alkoxide, a tetraalkylguanidine or a quaternary ammonium 
halide, in an appropriate solvent, such as an alcohol or 
nitromethane, provides an ester compound of the Formula 
30 (5) 



PCT/US92/03613 
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10 



IS 



20 



wherein R3- is 0Q0W7. "hich M y be hydrolyaed and 

decarboxylated to provide a compound of the 

wherein R3 f is H. Similarly, compounds o£ the Formula 

(5) wherein R3' i» «' «■» be derived fr< "" " rSt ' 
1) reaction of a compound of the Formula (2) with 
nitromethane as described above to provide a compound of 
the Formula (6) 




(6) 



followed by 2) further reaction of a such a compound of 
the Formula (6, with an alKyl or aryl acetate an on 
generated at an appropriate temperature e.g., -78 C) in 
In appropriate solvent (e.g., tetrahydrofuran using an 
appropriate base (e.g., lithium diisopropylandde or 
lithium hexamethyldisilazide) . 

Alternatively, reaction of a compound of the 



„ AJLCernau-Lvc-uj / „* — ^ — - — — — - - ^—p— 

25 Formula ,9, (as described below, wherein R 2 0 a " £ * 
i, H, R12 or cyclopropyl unsubstituted or "» 
R9 with a strong base, followed by reaction with an . 
appropriate al*yl or aryl a-halo carboxylate, such as 
methyl a-bromoacetate, will also provide a compound of 
30 tne Formula (4, -herein R3 U «, Rl2 or ^1 
unsubstituted or substituted by Reduction of the 

nitrile group of such compounds of the above Formula (4) 
or of the nitro group of the above similar compound, of 
the Formula (S) provides compounds of Formula (71 



35 



\ 
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35 



b , for compounds wherein R 3 is CN and X and X 3 are 
ether than S(0> m R 2 ("herein m - 1 or 2, , Br, I, N0 2 or 
formyl amine, a sequence beginning with ~ a f ion °* 3 
compound of the Formula (2, wherein R 3 is B with a 
lithium halide and a silyl halide in an appropriate 
solvent followed by reduction with an appropriate 
reductant, such as a siloxane, provides compounds of the 
Formula (9) 

V"" 



X4 

(9) 



wherein X 4 is chloro or bromo and R 3 and R 20 are H; 
alternatively, reduction of a compound of the Formula 
(2, wherein R 3 is H with e.g., sodium borohydride in 
methanol, provides compounds of the Formula <9> wherein 
xfis OH and R 3 a*d R 2 0 are H, which is reacted with, 
e g., phosphorous trichloride, thionyl chloride, 
phosphorus tribromide, cupric bromide or carbon 
tetrabromide -with -triphenyl phosphine, . to_ 3lVU&Z^_ 
compounds of the Formula (9) wherein X 4 is chloro or 
bromo and R 3 and R 2 0 are H. Halide displacement by 
cyanide then provides compounds of the Formula (9) ^ 
wherein X 4 is CN and R 3 and R 20 are H, which is allowed 
to react with a strong base, such as a butyl lithium, at 
reduced temperature under an inert atmosphere and then 
may be a) treated with, e.g., anhydrous magnesium 
bromide, and then reacted with, for example, 
trimethylsilyl isocyanate and *^*£"'£^ § 
produce compounds of Formula (9, wherein R3 is CONH 2 , 
r 20 is H and X4 is CN or b, reacted with, for example, 
an alkvl or aryl haloformate, such as methyl 
l^orLe, to prooucs coupons of the ro OT u la ,» 
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removal then provides compounds of the Formula (7) 

wherein R19 i»" » *" d R 3 is CN ' ^ th6n # 
transformed as described above for other compounds of 

the Formula (7, to the compounds of the ^ a 
5 wherein R 3 is CN and X and X 3 are other than S(0) m R2 
(wherein ■ - 1 or 2) . Br, I, N0 2 or formyl amine. 

c) compounds wherein R 3 of Formula (I) is OR 5 or F 
and X and X 3 are other than S(0) m R 2 (wherein m = 1 or 
,0 2),Br, I, N0 2 or formyl amine are prepared employing a 
sequence beginning with a cyanohydrin with the hydroxyl 
suitably protected as a silyl ether, an acetal, or an 
ester such as a t-BOC. Treatment of a compound of the 
Formula (2) wherein R 3 is is H. M2 °r cyclopropyl 
• 15 unsubstituted or substituted by R 9 with, for example, a 
derivative of hydrocyanic acid provide • ^ 
of Formula (9) wherein R 3 is H, R 2 0 is OH and X 4 is CM. 
Subsequent treatment of the Formula <9) compounds with a 
. suitable protecting agent such as trimethylsilyl 
20 chloride, di-t-butyldicarbonate and a suitable base, or 
.ethyl vinyl ether or direct treatment of the formula 
(2 , compound with trimethylsilylcyanide and a Lewis Acid 
provides the protected cyanohydrin of Formu la (9) in 

_ which_R3_is..H,_R20J: s -J : . h ®_^ 

25 CN The protected cyanohydrin is treated with a strong 
hindered base, such as LDA, at reduced temperature under 
an inert atmosphere followed by reaction with, e.g., a 
bromoacetic acid ester and appropriate workup to produce 
a compound of Formula (4, wherein R 3 is the protected 
hydroxyl and R3. is H. Reduction of the nitrile moiety 
of such compounds by, for example, hydrogenation with 
Raney nickel catalyst, provides Formula (7) wound, 
wherein R 19 is H and R 3 is the protected or unprotec ed 
hydroxyl. These Formula (7) compounds may be alk ^^ 
on nitrogen and cyclized as described above then treated 
with diethylaminosulfur trifluoride to provide the 
Formula (la) compounds wherein R 3 is F. 



30 



35 
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ingredient is administered in an amount sufficient to 
inhibit TNF production such that normal or subnormal 
levels are achieved which are sufficient to ameliorate 
or prevent the disease state. 

The biological activity of the compounds of 
formula I as in PDE IV inhibitors are demonstrated by 
the following tests. 

T »h<h4<-n rY Q F nf FnrmuJa T nn PDE IV 

I. T ffP i a Hnn nf pnF. Isozymes 

Phosphodiesterase inhibitory activity and 
selectivity of compounds is determined using a 
battery of five distinct PDE isozymes. The 
characteristics of these PDEs appear in Table 1. 
The tissues used as sources of the different 
isozymes are as follows: 1) PDE la, canine 
trachealis; 2) PDE lb, porcine aorta; 3) PDE Ic, 
guinea-pig heart; 4) PDE III, guinea-pig heart; 
and 5) PDE IV, human monocyte. PDEs la, lb, Ic and 
III are partially purified using standard 
chromatographic techniques (Torphy and Cieslinski, 
Mol. Pharmacol. jJ2:206-214, 1990). PDE IV is 
purified to kinetic homogeneity by the sequential 
use of anion-exchange followed by heparin-Sepharose 
chromatographyHTorphy et-al.-,-J,- Biol. -Chem., -267-: 



1798-1804 (1992)). 



10 r — 
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TABLE 1. Characteristics of PDE isozymes.* 

K m (mM) 



Peak Isozyme 

5 la cGMP-specific 

lb Ca 2+ /calmodulin-stimulated 

Ic ca 2+ /calmodulin-stimulated 

j, III cGMP-inhibited 

h IV Ro 20-1724-inhibited 







135 


4 


50 


5 


1 


2 


0.4 


8 


4 


38 



10 



15 



20 



a Data are from Torphy and Cieslinski, silEra.. 
b Nomenclature is from Beavo, Adv. Second 

Messenger 

Phosphoprotein Res. 22:1-38, 1988. 

ii. PDR Assay. 

Phosphodiesterase activity is assayed as described 
in Torphy and Cieslinski, Mol. Pharmacol. 22:206- 
214, 1990. IC 50 s for compounds of this invention 
range from 25 nM to 500 JIM.. 

hi. pftMP ftr;riiiniilar1on in H-917 Cfi ll a 



25 



30 



35 



The ability of selected PDE IV inhibitors to 
increase cAMP accumulation in intact tissues is 
assessed using U-937 cells, a human monocyte cell 
line that has been shown to contain a large amount 
of PDE IV. To assess the activity of PDE IV 
inhibition in intact cells, nondif ferentiated U-937 
cells (approximately 105 cells/reaction tube) were 
incubated with various concentrations. (0.01-100 UM) 
of PDE inhibitors for one minute and 1 pM 
prostaglandin E2 for an additional four minutes. 
Five minutes after initiating the reaction, cells 
were lysed by the addition of 1M potassium 
carbonate and cAMP content was assessed by FJA. A 
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general protocol for this assay is described in 
Brooker et al., Radioimraunassay of cyclic AMP and 
cyclic GMP, Adv. Cyclic Nucleotide Res., 10:1-33, 
1979. Data are expressed as both an EC50 for 
5 increases in cAMP accumulation as a percentage of 

the maximum response to rolipram produced by 10 mM 
of the test compounds. EC5QS for compounds of this 

invention range from 0.030 JIM to >10 UM. 

10 Inhibitory Effect of Compounds of Formula (I) on TNF 
Production 

I. Inhibitory Effect of compounds of the Formula 
(I) on in y<tro TNF production by Human Monocytes 

The inhibitory effect of compounds of the 
15 Formula (I) on in vitro TNF production by Human 

Monocytes may be determined by the protocol as described 
in Badger »f al. . EPO published Application 0 411 754 
A2, February 6, 1991, and in Hanna, WO 90/15534, 
December 27, 1990. 
20 II. In vivo actity 

Two models of endotoxin shock have been 
• utilized to determine in vivo TNF activity for the 

compounds, of the Formula (I) . The protocol used in these 
models is described in Badger pf, al., EPO published 
25" ~ Appllcat ion— 0—4 1 T~7 54 ~K2— February ~6 ,—19 9 1— and" in 
Hanna, WO 90/15534, December 27, 1990. 

No unacceptable toxicological effects are 
expected when compounds of the invention are 
administered in accordance with the present invention. 
30 The following examples are illustrative, and 

not limiting of the compounds of this invention. 
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ftXHMPT.F. 1 

n fM nnr1 n - M -i-f4-B« IIW Ml rn 1-fl-rYflnrpnrYlQXV-. 

1 m r rh nff Yrhpny 1 * -?-""rrnl none 

a) yr vr 1 np-nf-y l mry-*-""»» h "™ h '' n ™ 1 rtwhvda a mixture 
of 3 -hydroxy-4-methoxy-benzaldehyde (40 g, 0.26 mol) , 
potassium carbonate (40 g, 0.29 mol) and 
Lomocyclopentane (32 mL, 0.31 mol, in dimethylf ormamide 
(0 25 L) was heated under an argon atmosphere at 100 C. 
After 4 h, additional broraocyclopentane (B mL, 0.08 mol) 
was added and heating was continued for 4 h. The 
mixture was allowed to cool and was filtered. The 
filtrate was concentrated under reduced pressure and the 
residue was partitioned between ether and aqueous sodium 
carbonate. The organic extract was washed with aqueous 
sodium carbonate and dried (potassium carbonate) . The 
solvent was removed In vacuo and the residue was 

| purified by flash chromatography, eluting with 2:1 
■ hexanes/ether to provide a pale yellow oil of 3- 
20 cyclopentyloxy-4-methoxybenzaldehyde (52 g, 89%) . 
-an.lJ.li. Calc- for C 13 H 16 0 3 : C 70.89, R 7.32, 
' found: C 70.71, H 7.33. 

b ) _ nimrl"- Y T f^ rTnnpnrvlnKY-1 -wprhnTYhpnitvU dMBLz 
25 malflnatft A mixture of 3-cyclopentyloxy-4- 

methoxybenzaldehyde (22.3 g, 101 mmol, , dimethylmalonate 
(17 mL, 101 mmol), piperdine (0.5 mL, 0.861 mmol), and 
acetic acid (0.3 mL, 0.861 mmol) in a solution of 
benzene (50 mLO under an argon atmosphere was stirred at 

30 reflux with azeotropic removal of water. After six 

hours, the solvent was removed in vacuo, the residue was 
partitioned between ether and saturated sodium carbonate 
and extracted. The organic extracts were dried 
(potassium carbonate) and concentrated to provide an 

35 orange oil of the title compound (33.5 g, 100%), which 
as used without further purification. 
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c) MP^y 1 ^- ^yann-l- (Vnvrl openf vl okv-4- 
pi^hnvyph^yi \ -propionate Dimethyl (3-cyclopentyloxy-4- 
methoxybenzylidene)-malonate (33:5 g, 101 mmol) was 
dissolved in methanol (250 mL) and was treated with 

5 potassium cyanide (6.7 g, 101 mmol) in water (5 mLO. 

The mixture was heated to reflux. After five hours, the 
solvent was removed in vacuo, the residue was 
partitioned between ether and sodium bicarbonate (5%) 
and extracted three times. The organic extracts were 

10 dried (potassium carbonate) and the solvent was removed 
in vacuo. The residual oil was purified by flash 
chromatography eluting with 25-40% ethyl acetate/hexanes 
to provide a white solid of the title compound (13.2 g, 
43%). 

15 

d) Morhvl nn-3- ( 3-nvcl OPPnt vl OXV-4" 
pigt-hnxyphonyl ) -hnhvrata Methyl 3-cyano-3- (3- 
cyclopentyloxy-4-methoxyphenyl) propionate (6.0 g, 19.8 
mmol) and 70% perchloric acid (1.95 mL) were added to a 

20 suspension of 10% palladium on carbon (0.9 g) in 

methanol (100 mL) . The mixture was hydrogenated at 50 
psi for 1.5. h f diluted with methylene chloride f filtered 
through celite and evaporated. The residue was 
partitioned between methylene chloride and dilute 
— 25 " "aque bus"~s ddrum~bT^ 

The organic layer was dried (potassium carbonate) . 
Solvent evaporation provided the amine (6.0 g, 100%) as 
a yellow oil. 

30 e) ^-flT.vnlnnpntvlnxv-4-nifffhOXVnhPnv1)"Z" 
pyrrol idlnone 

A solution of methyl 4-amino-3- <3-cyclopentyloxy-4- 
methoxyphenyDbutyrate (6.0 g f 19,8 mmol) in toluene 
(100 mL) and a catalytic amount of sodium cyanide were 
35 refluxed for 20 hours. The solvent was removed in vacuo 
to yield a residue which was partitioned between 
methylene chloride and water and extracted two times. 
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The organic layer was dried (potassium carbonate) and 
evaporated to a solid. Purification by flash 
chromatography, eluting with 95:5 chlorof orm/methanol to 
provided a solid (3.7 g, 67%): m.p. 130 °C. 

5 

f) ? - m -„nH a- (-) n-nvri nnenr vT nxv-4- 
mEUiam ^^ Chiral separation of 4- 
(3-cyclopentylo X y-4-methoxyphenyl) -2-pyrrolidinone was 

accomplished using preparative I1PLC conditions with a 8 
10 cm x 55 cm column packed with 1.0 kg B. Merck cellulose 
triacetate (15-25 in). The mobile phase of 95:5 
cthanol/water eluted at a flow rate of 20 mL/min with 
injection of 1 g/30 mL at ambient temperature. 
Ultraviolet detection of the eluting product was 
,5 employed at 254 nm. Retention times were 68 min for the 
S-( + ) isomer and 86 min for the R-<-> isomer, with 
recovery of 88% (>99% ee) and 87% (>98% ee) , 
respectively . 

g) F - m- a nH s-f-»-W4-PrnMnfrrn7Vl)-4-(3r 
r .. r1 nrr ^ y , n ,v * -mrfhmrvPhenvl ) 7-mrnl \ rtl none in a 
separation reaction, a solution of chiral 4- (3- 

lC yclopentyloxy-4-methoxyphenyl>-2- P yrrolidinone (510 mg, 

1 . 8 5 - mmol ) -in -dry _dimethylf o CT ^ide_(l^J^^der_^ 



l.OD nunui/ -A« -^i ~ , . . # - 0 „ 

25 argon atmosphere was treated with sodium hydride (62 mg 
of 80% dispersion, 2.04 mmol, at room temperature or 45 
minutes. To the mixture, p-bromobenzylbromide (509 mg/ 
2.04 mmol) was added in a solution of dimethylf oroide 
(1 „*) and stirred for three hours. Water was added and 
30 the mixture was extract three times with ^' J** 
combined extracts were dried (potassium carbonate) and 
the solvent was removed in vacuo. The res.idue was 
purified by flash chromatography, eluting with 9 1 
ether/methylene chloridere to provide a so d of the 
35 title compound (630 mg, 76.5%): m.p. 100-102 C. 
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Analysis Calc. for C 2 3H 2 6N0 3 Br: C 62.17, II 5.90, N 
3.15 f Br 17.98; found: R-<=) C 62.01, H 5.88, N 3.16; 
S-(-) C 62.14, H 5.96, N 3.16, Br 18.21. 
(a] 25 (cl, methanol) = +50.4°C 
5 D 

[a] 25 (cl, methanol) = -48.1°C 
D 

EXAMPLE 2 

10 1- f^-rv rTnppntylnyv-4"methnXVPhftnvH"2" 

pyrrolidlnone 



"^Cg 4^ <3-Cyclopentyloxy-4-methoxyphenyl) -2- 

pyrrolidinone (689 mg f 2.5 mmol) was added to a 
15 suspension of sodium hydride (90 mg, 3.0 mmol of an 80% 
dispersion, washed 3 times with hexanes) in dry 
dimethylformamide (12 mL) , and stirred under an argon 
atmosphere. After 2.5 h, benzyl bromide (360 mL, 3.03 
mmol) was added and the reaction mixture was stirred at 
20 room temperature for 16 hours. Water was added to the 
reaction mixture and it was extracted with methylene 
chloride. The organic extract was dried (potassium 
carbonate) and concentrated. Purification by flash 
chromatography, eluting with 9:1 ether/methylene chloride 



25 



provided" a pale yellow oil "of" the "title compound (548 rag, 
60.0%). 

Analysis Calc. for C23H27NO3 • I/2H2O: C 73.77, H 7. .54, N 

3.74; found: C 73.52, H 7.18, N 3.72. 



30 EXAMPLE 3 

1 - (4-r.arhn vyhPnsvl 1 -4- ( S-nvclOPPntVl OXV-4- 

mp.r.hnxyphenyU = 

7- CT rrnHri<nnne 

35 1 - ( 4-r.arh m T v h P n 7 yl 1 -4- H-evcl nPPnf Vl OXV-4- 

mPhhoxvphP nyl ) -7-pyrrnl Idtnone . 4-<3-cyclopentyloxy-4- 
methoxyphenyl)-2-pyrrolidone (200 mg, 0.73 mmol) 
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.n,ivi« Clc. for C 23 n 2 8H203-l/5»20s C 71.92, B 7.45, 
N 7.29; found: C 71.97, H 7.60, M 7.28 
[aj 25 (0.63, methanol) = -72.5°. 



D 



flY&MPT.R 5 

n m - 1 - M -a^n n h p n"Y"-'- n rvrloPPnfvlnxv-4- 
m r MimfYr h °"V n - ,? -^ rrrn1,ft,nnt1f> qh 7PU5a 

n f n _ hmhpn^f i ) -4- ( 1-r. v n l QPf nt - yl nxv-4 = 

mrrlimfYPliPnyl > -7-pyrrril 1 rtl none R- (-)-*- (3- 
cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone (1.81 
mg, 6.57 nunol) prepared as in Example 1 was added to a 
suspension of sodium hydride (202 mg of an 80% 
dispersion) in dry dimethylformamide (65 mL) containing 
15-crown-5 ether (1.28 mL) . The suspension was stirred 
under an argon atmosphere overnight at room temperature, 
and then heated at 50-60'C for 90 minutes to provide a 
solution of the sodium salt. 4-Nitrobenzylbromide 2.79 
g, 12.9 mmol) was dissolved in dry tetrahydrofuran (70 
mL) and the solution of the sodium salt was added. The 
reaction mixture was stirred overnight and the 
tetrahydrofuran was removed in vacuo. The ^suiting 
solution was poured intoj^water, ^acidified^ithJM 
25 hydrochloric acid and extracted with ethyl acetate The 
organic extracts were washed six times with water dried 
(sodium sulfate) and evaporated in vacuo. The residue 
was purified by flash chromatography, eluting with 1-3% 
methanol/chloroform to provide a yellow resin (570 mg, 

30 21%) . 

[a] 25 (0.63, methanol) =+43.8 8 . 

D 

35 ninrhn.YPhPny^-P-PV^oaidia^ a solution of r-W-i-4- 
(4-nitrobenzylamino) -3- <3-cyclopentyloxy-4- 
methoxyphenyD-2-pyrrolidinone (503 mg, 1.23 nunol) in 
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anhydrous tetrahydrofuran (6 tnL) was treated with 
ammonium formate (1.2 g, 19 mmol) and 10% palladium on 
carbon (120 mg) in a suspension of methanol (18 ml) . 
The suspension was stirred for two hours under argon. 
The reaction was filtered through celite and washed with 
methanol. The solvent was removed In vacuo and the 
residue was treated with cold water and extracted twice 
with methylene chloride. The organic layer was washed 
two times with water, dried (potassium carbonate) and 
concentrated in vacuo. The resin was purified by flash 
chromatography, eluting with a gradient of 50-100% ethyl 
acetate/methylene chloride to provide a colorless oil of 
the title compound (396 mg, 82%) . 

final ys is Calc. for C 2 3H28 N 2°3- 1 / 5H 20: c 71 « 92 ' H 7 ' 45 ' 
N 7.29; found: C 71.99, H 7.54, N 7.31. 
la] 25 (0.56, methanol) = +72.5°. 
D 

EXAMPLE 6 

1 - lA-H^t W * HnhonTVl 1 -4- ( ^-CVClQPPnf Vl OXV4- 

o 20 mpt- ''"yyphpnyi i -7-ovrrnl 1 dlnone 



10 



15 



^g/ N ""^' f '"TCil^icinj A solution of methyl 4-araino-3- (3- 

&£nw cyclopentyloxy-4-methoxyphenyl)butyrate (650 mg, 2.12 

mmol) and 4-acetamidobenzaldehyde (346 mg, 2.12 mmol) in 



25 chloroform (35 mL) under an argon atmosphere was heated 
at reflux for 30 min. Ten mL of the chloroform were 
distilled off and replaced with fresh solvent. This- 
process was repeated after refluxing for an additional 
hour. The mixture was cooled, the solvent was removed 
• 30 in vacuo, the residue was redissolved in tetrahydrofuran 
■and a solution of anhydrous hydrochloric acid in ether 
(1.0 M, 1.6 mL) was added. The solution was evaporated 
to dryness, the residue was redissolved in absolute 
methanol, chilled in an ice bath and a solution of 
' ' ; 35 sodium cyanoborohydride (200 mg, 3.2 mmol) in methanol 
• was added. The mixture was stirred at room temperature 
for 2 h, partitioned between 10% ethyl acetate/ether and 
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ice cold 5% sodium hydroxide and the organic layer dried 

(sodium sulfate) . The solvent was removed in vacuo, the 

residue was partitioned between ethyl acetate and water 

and extracted two times. The organic layer was dried 

(sodium sulfate) and evaporated. Purification by flash 

chromatography, eluting with 0-1% methanol/ethyl 

acetate, and crystallization from ethyl acetate/ethyl 

ether provided an off white solid of the title compound 

(415 rag, 46%): m.p. 116-118°C. 

Calc. for C 25 H30N 2 O4-l/8H2O: C 70.69, H 7.18, 

N 6.59; found: C 70.52, H 6,95, N 6.53. 



FiXftMPTifl 7 

» f _ 1 -i- M -^ a f a m<rinhPn7vn-4-(Vryr1nrpnfYlnx Y -4- 

15 mrfhn'YphAnvi \ -?-nvrrn1 1 tUnone 

A solution of s-(-)-l-(4-aminobenzyl)-4-(3- 
cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone prepared 
as in Example 4 (77 «ng, 0.2 mmol) In dry pyridine (3 raL) 
at o-C was treated dropwise with acetic anhydride (90 

20 mL, 095 mmol) . The reaction was stirred overnight under 
an argon atmosphere and the solvent removed in vacuo. 
The residue was dissolved in ethyl acetate and washed 
with cold hydrochloric acid, water, 5% aqueous sodium 
bicarbonate and again .with water . The organic layer was 

25 dried (sodium sulfate) and evaporated in vacuo to yield 
a residue which was purified by flash chromatography, 
eluting with a gradient of U-2% methanol/ethyl acetate 
to provide a resin of the title compound (85.5 mg, 

30 nnSll^ls Calc. for C^Q^ -l'H 2 0: C 70.32, H 7.20, 
N 6.56; found: C 70.14, II 7.22, N 6.51. 
[a] 25 (0.49, methanol) - -56.B°C. 
D 
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F.XftMPIiE B 

w- i +1 -1 - (4- A rf .t-pnH rinhf. ny.vl ) -4- < l-cvrl nnenf-.vl nxv-4- 
tfipt-hoxyphpnyl > - p-pyrrhl 1 rt\ none 

5 A solution of R- (+) -1- (4-aminobenzyl) -4- (3- 

cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidlnone prepared 
as in Example 5 (115 mg, 0.3 mmol) in dry pyridine (3 
mL) at 0°C was treated dropwise with acetic anhydride 
(125 mL, 1.3 mmol) . The reaction was stirred overnight 

10 under an argon atmosphere and the solvent removed In 
vacuo to yield a residue, which was purified by flash 
chromatography eluting with a gradient of 0-2% 
methanol/ ethyl acetate to provide a resin of the title 
compound (59.5 mg, 47%) . 

15 analysis Calc . for C 2 5H30 N 2O4' 1 ' 4H 2O: c 70.32, H 7.20, 

N 6.56; found: C 70.28, H 7.17, N 6.44 
(a] 25 (0.46, methanol) - +56.9°C. 
D 




0 



20 EXAMPLE 9 

1 -M-N- (N'-ryann-S-mot-hvl qnrhl mirpl flol hPnZVl 1 -4- (3- 
S^Tj ryr-1 npgnf- y l nvv-d-mpt-hnvvphpnyl 1 -7-DVrrol Id l none 



A solution of 1- (4-aminobenzyl) -4- (3- 

"25"" cycTopentyiox 

0.59 mmol) and dimethyl N-cyanodithioiminocarbonate 
(90%,' 194 mg, 1.19 mmol) in pyridine (2.5 mL) under. an 
argon atmosphere was heated at reflux for 3 h. The 
mixture was cooled, the solvent was removed In vacuo and 
30 the residue was purified by flash chromatography, 
eluting the title compound with 40-75% ethyl 
acetate/methylene chloride, to provide a pale yellow oil 

Analysis "calc for C26H30N4O3S • 1/2H 2 0 : C 64.04, H 6.41, 
35 N 11.49, S 6.57; found: C 64.09, H 6.39, N 11.15, S 
6.57. 
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RY&MPT.K 10 

1 f ^g— M _ f M ■ -ry.nnnn p r, Hlnn) hPf.7Vl 1 -4- ( 3-KVrl PPPIir Vl 0XV-4- 

mpr hnvynhpnvi i -?-pvrroH ril none 

5 " a solution of l-[4-N- (N'-cyano-S-methyl- 

isothioureido) benzyl] -4- (3-cyclopentyloxy-4- 
raethoxyphenyl)-2-pyrrolidinone (100 mg, 0.21 mmol) in 
ethanol under an argon atmosphere was saturated with 
ammonia and heated at 95°C for 24 h. The mixture was 

10 cooled, the solvent was removed in vacuo and the residue 
was purified by flash chromatography, eluting the title 
compound with 5% isopropanol /methylene chloride and 
adding 0-5% methanol to provide a glass like solid of 
the title compound (48.5 mg, 51.7%) . 

15 Analysis Calc. for 025^503' 1/2CDC1 3 : C 62.39, H 
5.99, N 14.36; found: C 62.48, H 6.06, N 14.26. 



fiXRMPTiR 11 

i-r/i-M- f nr ^ i ^ hpn.vi i -4- n-rvnlnppnrvl nxv-4- 

20 mP f ^ovyphPHV 1 1 -?-pvrrn1 i riinone 

~^X.J. A solution of l-(4-arainobenzyl)-4-(3- 

" ^cyclo P entyloxy-4-methoxyphenyl)-2-pyrrolidinone (350 mg, 

1,05 mmol) - in- aqueous acetic :acid . (1 :1- glacial- acetic 

25 acid/water) under an argon atmosphere was treated 

dropwise with an aqueous solution of sodium cyanate (223 
mg, 3.4 mmol in 4 mL water) . After stirring at room- 
temperature for 30 min, the reaction was poured into 
ice-water and extracted with methylene chloride, washed 
30 three times with water and dried (sodium sulfate) . The 
' solvent was removed in vacuo and the residue was 
purified by flash chromatography, eluting with 80% ethyl 
acetate/methylene chloride containing 7-10% methanol to 
provide a solid of the title compound which was 
' ,35 recrystallized from methylene chloride /ether (258 mg, 
58%): m.p. 113-115. 5°C. 
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,n,l»;i, Calc. for C 21 H 26 N 2 0 3 .1/3H 2 0: C 69.98, II 7.46, 
N 7.77/ found: C 70.00, H 7.34, N I 7.72. 

i KXAMPTiFi 13 

' 5 i - M -*™t- a m l rtnhp^v 1 i -a- < ^ . 4-ri< mRthnyvphpny l ) - 2 - 

I ryrrn HH<nnne 

A solution of methyl 4-amino-3- (3, 4- 
dimethoxyphenylbutyrate (1.01 g, 4.0 mmol) and 4- 

10 acetamido-benzaldehyde (0.65 g, 4.0 mmol) in chloroform 
under an argon atmosphere was heated at reflux for 2.5 
hours. The mixture was cooled, the solvent was removed 
in vacuo, the residue was redissolved in tetrahydrofuran 
and a solution of anhydrous hydrochloric acid in ether 
: 15 (1.0 M, 4.1 mL) was added. The solution was evaporated 
to dryness, the residue was redissolved in absolute 
methanol and sodium cyanoborohydride (0.50 g, 8.0 mmol) 
was added. The mixture was stirred at zero degrees for 
1 h, warmed to 20°C, concentrated in vacuo and the 

20 residue partitioned between 10% ethyl acetate/ether and 
dilute, cold sodium hydroxide. The aqueous layer was 
extracted, the combined organic phase washed with water 
and dried (sodium sulfate). The solvent was removed in 
vacuo and the residue was dissolved in toluene with a 

calial^ic^mou^ and Was ref luxe* for 

6 h. The solvent was removed in vacuo, the residue was 
dissolved in ethyl acetate and washed with water twp 
times. The organic layer was dried (sodium sulfate) and 
evaporated. Purification by flash chromatography, 

30 eluting with a gradient of 0.5-8% methanol in 1:1 ethyl 
- acetate/chloroform, provided a solid of the title 
compound which was recrystallized from ethyl ^ 
acetate/ether (445 mg, 30%) : m.p. 88 ' 5 - 90 ; 5 ^- 
Analysis. Calc. for: C 21 H 23 N 2 0 4 ■ 1/2H 2 0: C 67.01, B 

35 6.43, N 7.44; found: C 67.20, H 6.59, N 7.53. 
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then filtered through celite and washed with methanol. 
The solvent was removed in vacuo and the residue was 
partitioned between methylene chloride and water. After 
extracting, the organic layer was dried (sodium sulfate) 
5 and concentrated In vacuo to provide the title compound 
(303 mg, 64%) . 

Analysis Calc. for CigH 2 2 N 203 -5/8H 2 0: C 67.59, H 6.94, 
N 8.29/ found: C 67.48, .H 6.90, N 8.19. 

10 KXAMPT.R 16 

1 - f 4-rH mwt. h yl *™< nnhPnrvl \ -4- (3-CVnl OPentyl nXV-4- 

^hnvyohenvn-7-pvrrnHritnone 

A solution of methyl 4-amino-3- (3- 

15 C yclopentyloxy-4-methoxyphenyl)butyrate (0.5 g, 1.5 

ramol) and 4-dimethylaminobenzaldehyde (0.27 g, 1.8 mmol) 
in chloroform under an argon atmosphere was heated at 
reflux for 2.5 hours. The mixture was cooled, the 
solvent was removed in vacuo, the residue was 

20 redissolved in tetrahydrofuran chilled in an ice bath 
and a solution of anhydrous hydrochloric acid in ether 
(1.0 M, 3.8 mL) was added. The solution was evaporated 
to dryness, the residue was redissolved in absolute 
methanol and sodium cyanoborohydride (0.43 g, 6.9 mmol) 
"25 — was-added. — Themixture-was-stirred 0°C for 3 - h -at- 5°C - 
for 16 h, warmed to 20 »C, concentrated in vacuo and the 
residue partitioned between 10% ethyl acetate/ether, and 
dilute, cold sodium hydroxide. The aqueous layer was 
extracted, the combined organic phase washed with water 

30 and dried (sodium sulfate) . The solvent was removed in 
vacuo, the residue was dissolved in toluene with a 
catalytic amount of sodium cyanide and was refluxed 
overnight. The solvent was removed in vacuo, the 
residue was dissolved in ethyl acetate and washed with 

35 water two times. The organic layer was dried (sodium 
sulfate) and evaporated. Purification by flash 
chromatography, eluting with 67-75% ethyl 
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precipitate a white solid of the title compound (73 mg f 
81%): m.p. 167.5-170°C (decomposed). 

analysis Calc . for C25H 2 8N206* 5 / 8H 2 0: c ^4.75 f H 6.36, 
N 6.04/ found: C 64.03, H 6.43/ N 6.02. 



i . . FiXAMPTiR 19 

^"V^ 1 t ^ 1 - f 4-M P f-h*npgn1 f nnam l Hnhpnsvl) -4- H-r:vc] OPPntvl nXV~4- 

l7 v '" mphhnxyphpnvl) -2-pvrrol 1 di none 



10 



15 



A solution of l-(4-aminobenzyl)-4-(3- 
cyclopentyloxy-4-methoxyphenyl)-2-pyrrolidinone (200 mg, 
0.53 ramol) in anhydrous pyridine (3 mL) under argon was 
treated with methanesulf onylchloride (60 mL 0.79 mmol) 
dropwise, The solution was heated at 60 °C for 30 min 
and then at reflux for two hours. The reaction was 
partitioned between ice cold aqueous acid and ethyl 
acetate and the organic layer was dried (sodium 
sulfate) . The solvent was removed In vacuo and the 
residue was purified by flash chromatography eluting 
20 with 75-90% ethyl acetate/hexanes, to provide a cream 
colored foam of the title compound (107 mg, 44%) . 
Analysis Calc. for C 2 4H30N2O2S*l/3H 2 O: C 62.05, H 

6.65, N 6.03/ fund: C 62.11, H 6.62, N 6.04. 



"25 EXAMPIiFTZQ 

i - r^nar b omPhhQxvbPnzvl ) -4- ( Vrvnl npenrvl oxy-4- 

rnPthoxvphpny 1 ) -? -py rrol.i dl none 
1 - f/l^arhnmPhh nvvhPn^vl \ -4- f3cvr 1 nnfint V 1 OXV4" 

30 rnphhnvyphPnvn-?-pvrroHdlnone A solution of methyl 4- 
amino-3-) 3-cyclopentyloxy-4-methoxyphenyl)butyrate (1.57 
g, 4,9 mmol) and 4-carbomethoxybenz aldehyde (0.82 g, 5.0 
mmol) in chloroform under an argon atmosphere was 
stirred overnight at room temperature and heated at 

35 reflux for 2 h the next day. The mixture was cooled, 
the solvent was removed in vacuo and the residue was 
redissolved in tetrahydrof uran and a solution of 
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10 



15 



20 



anhydrous hydrochloric acid in ether (1.0 M, 6.5 mL) was 
added. The solution was evaporated to dryness, the 
residue was redissolved in absolute methanol chilled in 
an ice bath and sodium cyanoborohyd ride (0.47 g, 7.4 
nunol) was added. The mixture was stirred at 0°C for 2 
h, kept at 5° for 16 h f warmed to 20 °C, concentrated in 
vacuo and the residue partitioned between methylene 
chloride and dilute, cold sodium hydroxide. The aqueous 
layer was extracted with methylene chloride and the 
combined organic phase washed with water and dried 
(sodium sulfate) . The solvent was removed in vacuo and 
the residue was dissolved in toluene with a catalytic 
amount of sodium cyanide and was refluxed overnight. 
The solvent was removed In vacuo, the residue was 
dissolved in ethyl acetate and washed with water two 
times. The organic layer was dried (sodium sulfate) and 
evaporated. Purification by flash chromatography, 
elutlng with 40-75% ethyl acetate/hexanes, provided a 
solid of the title compound (1.1 g, 53%): m.p. 98-99'C. 
Aaaiyaia Calc. for C 25 K 2 S^ C 70.90, H 6.90, N 3.31; 
found: C 70.69, H 6.89, N 3.35. 



fIXflMPTiR 21 

nn-N-^. i - fJ-Mot-hvi g m fnnvThPn7. vi n -4- f Vryc l nppntyl nxy-4 = 

^25 m rt h»» V phBnvn-7-nvrrnl Irttnom 

A solution of l-(4-methylthiobenzyl)-4-<3-. 
cyclo P entyloxy-4-raethoxyphenyl)-2-pyrrolidinone (0.5 g, 
123 mmol) in methylene chloride was cooled to 0'C and 
30 treated with m-chloroperoxybenzoic acid (80%, 0.43 g, 
2.4 mmol) . The reaction was allowed to stir under an 
argon atmosphere for 3.5 hours. The reaction was 
diluted with methylene chloride and washed three times 
with saturated aqueous sodium bicarbonate, once with 
water and. once with brine. The organic layer was dried 
(potassium carbonate) and the solvent was removed in 
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vacuo to provide the title compound (0.5 g, 92%), which 
foamed under vacuum. 

Analysis Calc. for C24H29NO5S • 1/2H 2 0 : C 63.69, II 6. 68, 
N 3.09, S 7.00/ found: C 63.69, II 6.42, N 3.12, S 6.91. 

5 

KXAMPLE 22 

1 - M ; 4-Dimefchyn xybenzyl) -4- 1 QPftntvloxv-4- 
mffihhnxyphenvlV-2-pvrrQlidinone 

10 A solution of methyl 4-amino-3-cyclopentyloxy- 

4-methoxyphenyl)butyrate (1.5 g, 4.9 mmol) and 3,4- 
dimethyoxybenzaldehyde (0.85 g, 5.1 mmol) in chloroform 
under an argon atmosphere was heated at reflux for two 
hours and then allowed to stir overnight at room 
15 temperature. The solvent was removed in vacuo, the 
residue was redissolved in tetrahydrofuran and a 
solution of anhydrous hydrochloric acid in ether (1.0 M, 
5 mL) was added. The solution was evaporated to 
dryness, the residue was redissolved in absolute 
20 methanol and sodium cyanoborohydride (0.5 g, 8,0 mmol) 
was added. The mixture was stirred at room temperature 
for 4.5 h, partitioned between 1:1 ethyl acetate/ether 
and 5% sodium hydroxide and the organic layer dried 
(sodium sulfate) „ The solvent was removed In vacuo and 
— 25 toluene ™ahd — a - catalytlic^ino 7 
added to the oil. The reaction stirred overnight at 
room temperature and was heated to reflux for six hours. 
The toluene was removed under reduced pressure and the 
residual oil was partitioned between methylene chloride 
30 and water. The organic layer was dried (sodium 
sulfate) . The residue was purified by flash 
chromatography, eluting with 95:5 chloroform/methanol to 
provide, an oil of the title compound (1.6 g, 75%) . 
' Analysis Calc. for C 2 4H 31 N0 5 * l/4Si0 2 : C 68.16, H 7.09, 

35 N 3.18; found: C 68.12, H 6.96, N 3.05. 

I 
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BXRMPTiR 23 

,0^^ i-fil-MPhhv^h^hPn7. v 1)-^-/W-vr1nnprH-v1nXY-4- 

f0 fhnwDhPnvi ) -?-pvrrn1 iri i npne 

5 A solution of methyl 4-ainino-3- (3- 

cyclopentyloxy-4-methoxyphenyl)butyrate (1.5 g, 4.9 
mmol) and 4-methylthiobenzaldehyde <0.78 g, 5.1 mmol) in 
chloroform under an argon atmosphere was heated at 
'' reflux for two hours and then allowed to stir overnight 

' • 10 at room temperature. The solvent was removed In vacuo 

' . and the residue was redissolved in tetrahydrofuran and a 
solution of anhydrous hydrochloric acid in ether (1.0 M, 
i 5 mL) was added. The solution was evaporated to 

dryness, the residue was redissolved in absolute 
i 15 methanol and sodium cyanoborohydride (0.5 g, 8.0 mmol) 

was added. The mixture was stirred at room temperature 
for 4.5 h, partitioned between 1:1 ethyl acetate/ether 
and 5% sodium hydroxide and the organic layer dried 
(sodium sulfate) . The solvent was removed in vacuo and 
20 toluene and a catalytic amount of sodium cyanide were 
added to the oil. The reaction stirred overnight at 
reflux temperature and then was stirred at room 
temperature for six hours. The toluene was removed 
under reduced pressure a nd the residual oil was 



25 partitione^l)etween methylene chloride and aqueous acid. 
The organic layer was dried (sodium sulfate) . The 
residue was purified by flash chromatography, eluting 
with 98:3 chloroform/methanol to provide an oil of the 
title compound (1.7 g, 85%). 
30 Analysis Calc. for C 2 4H29 N 03 S ' l/4Si0 2 : C 67.57, H 

-6.85, N 3.28; found: C 67.42, H 6.82, N.3.19. 
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acetate and a solution of cold, dilute sodium hydroxide 
and the organic layer dried (potassium carbonate) . The 
solvent was removed in vacuo and the residue was 
dissolved in toluene with a catalytic amount of sodium 

5 cyanide and refluxed for 15 hours. The solvent was 
removed in vacuo, the residue was partitioned between 
ethyl acetate and water and the organic layer washed 
with water two times. The organic layer was dried 
(sodium sulfate) and evaporated. The residue was 

10 purified by flash chromatography, eluting with 1:1% 

ethyl acetate/hexanes, to provide the product (468 mg, 
69%) . 

b ) 1 - f7-n"H nn ^ pn TY l \ -A- n-rvrA npftntvl Qxy-4- 
15 ra ^ nTV nhpn tf i > -?-nvrroH ril none A solution of l-(2- 
nitrobenzyl) -4- (3-cyclo P entyloxy-4-methoxyphenyl) -2- 
pyrrolidinone (0.47 g, 1.14 mmol) in methanol (20 mL) 
and anhydrous tetrahydrof uran (5 mL) was treated with 
• ammonium formate (0.95 g, 15.1 mmol) and 10% palladium 
20 on carbon (110 mg) . The suspension was stirred for IB h 
under argon. The reaction was then filtered through 
celite and washed with methanol. The solvent was 
removed in vacuo and the residue was partitioned between 
methylene chloride an d ice water. After extractin g, the 
25 organic layer was washed with water, dried (sodium 
sulfate) and concentrated in vacuo to provide a 
colorless oil (434 mg, 100%) . 



30 



35 



c) i - fy-a^pt-^Hnhpnrvl ) -4- n-nvclQPPnt- yl oxv-4- 

r M in vynhpnv 1 \ -Q- ry ^m < rH none A Solution Of 1" f2- 

aminobenzyl) -4- <3-cyclopentyloxy-4-methoxy P henyl) -2- 
pyrrolidinone (0.43 g, 1.14 mmol) in dry pyridine cooled 
to 0«C was treated dropwise with acetic anhydride (216 
mL, 2.2B mmol). After stirring overnight, the reaction 
mixture was partitioned between ice cold aqueous 
hydrochloric acid and ethyl acetate, the aqueous phase 
extracted, and the combined organic layers washed with 
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b) jL ^ mn l n n^ n r yl ) -4- ( VkvcJ nr rn r yl n*V-4r . 
Metl^hrnyl ) - ? - P vrr.aLLdHu^ a solution of 1- (3 
^^^^^ 

pyrro lidinone (0.44 g, 1.06 mmol, in «th«- 20 ^L, 
and anhydrous tetrahydrofuran (5 mL> was treated with 
ammonium folate (1.0 g> and 10* palladium on carbon 

i oUr-red for 2 n under 



ammonium formate u.u y/ ^ « , h „„dor 

(110 mg) • The suspension tfas stirred for 2 h under 
argon The reaction was then filtered through celite 
and washed with methanol. The solvent was removed in 
vacuo and the resid 
chloride and water. 



and washed with metnanox. - ^ hv i e n e 

vacuo and the residue was partitioned between ethylene 
chloride and water. After extracting, the organic layer 
fa dried (sodium sulfate, and concentrated in vacuo to 
provide a colorless oil of the title compound (403 mg, 
15 100%) . 

c) , n nr r .^H^nn-,ri)-1-n-ryrlnn B nrYln«y-4 ^ 

„„ A solution of ~ ~ 

a pyrrolidinone ,0.40 g, 1.06 «1> in dry pyr dine at 

l' C , was treated dropwlse with acetic anhydride 200 *L. 
2.12 ™ol) . After stirring overnight, the reaction 
fixture was partitioned Between ice cold aqueous 
h ydro=hloric.acW.nde^ 
»" extracted, and the coined organic layer. w«h.d with 
aqueous hydrochloric acid, water, aqueous •«"•«» 
Carbonate and dried <s=diu m sulfate, . The solut en 
was concentrated in vacuo to provide ' °< th « 

title compound .332 n,,. 69*. : ».P. 1 „ 7 . ie , 



30 



title uuiu^ww"- . ... n . 

^1v S l S Calc. for C25H30N2O4-1/8H2O- 

N 6.59; found: C 70.72, B 7.27, N 6.49. 
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EYftMPT.F. 27 

1 - f f 1 nnrnmet h yl e"l f nnami r1nhf>nzv1 ) -4- (3~ 
rO - rY nlnppnh y 1n«Y-4-mpe hnv ynhP.nv 1 -?-PVrm1 1 fl 1 none 

n 



A solution of l-(4-aminobenzyl)-4-<3- 
cyclopentyloxy-4-methoxyphenyl)-2-pyrrolidinone (224 mg, 
0.57 nunol) and triethylamine (160 mL, 1-15 ramol) in 
anhydrous methylene chloride (4 mL) cooled to -78°C was 
treated with triflic anhydride (106 mL, 0.63 mraol) 
10 dropwise. After five minutes, some starting material 
was left, so additional triflic anhydride (35 mL, 0.21 
mmol) was added. The solvent was removed in vacuo and 
the resin was partitioned between aqueous sodium 
bicarbonate and ethyl acetate and extracted. The 
15 organic layer was washed with dilute cold aqueous acid, 
water and dried (sodium sulfate) . The solvent was 
removed in vacuo and the residue was purified by flash 
chromatography, eluting with 75:25 ethyl acetate /hexanes 
to provide a foam of the title compound (133 mg, 46%) . 
20 analysis Calc . for C 2 4H27 N 2°5 F 3S : C 56.24, H 5.31, N 
5.47; fund: C 56.54, H 5.62, N 5.47. 

fiXAMPTifi 2fl 

1 - IJ-rarhnvy^l rlnhpnrvl ) -4- f.3-PVr1 OPRntVl OXV-4- 

."^25 - -, piat-hnxyphvpnyl )-2-nvrrnHrHnnne : 



30 



A solution of 1- (4-Carbbmethoxybenzyl) -4- (3- 
cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone prepared 
as in Example 20 (300 mg, 0.71 nunol) in methanol with 
sodium cyanide (13 mg, 0.27 mmol) in a sealed glass bomb 
was cooled to zero degrees and saturated with ammonia. 
The reaction was slowly heated at 50-55 °C for a total of 
six days. The solvent was removed in vacuo to yield the 
crude product, which was purified by flash 
35 chromatography, eluting with 4-6% methanol/methylene 

chloride, to provide a white solid of the title compound 
(174 mg, 60%): m.p. 164-165°C. 
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nnsivsls Calc. for C24H28N2O4: C 70.57, II 6.91, N 
• 6.86; found: C 70.47, II 6.81, N 6.90. 

p,yaMPT.F. 29 

^ 5 i- f? n ""hPnz . vl ) -4 - fVrvnl nppnf vl pkv-4- 

Pf^hnyvnh pnyl 1 -?-OVrrnl 1 fj 1 none 



10 



15 



20 



25 



30 



35 



a , 1 - f 9 , A-nini f rn h«nT Y i > -4- f i-rvnl openf Yl nxv-4- 
rrhnrTr H r n,i i -7-nvrrnl 1ri 1none A solution of methyl 4- 
amiho^3- (3-cyclo P entyloxy-4-methoxy P henyl) butyrate (1 . 52 
g , 4.95 mmol) and 2, 4-dinitrobenxaldGhyde (0.98 g, 5.0 
mmol) in chloroform under an argon atmosphere was heated 
at reflux for 2 h. The mixture was cooled, the solvent 
was removed in vacuo, the residue was redissolved in 
tetrahydrofuran and a solution of anhydrous hydrochloric 
acid in ether (1.0 M, 6.5 mL) was added. The solution 
was evaporated to dryness, the residue was redissolved 
in absolute methanol and to this solution chilled in an 
ice bath sodium cyanoborohydride (0.44 g, 7.0 mmol) was 
added. The mixture was stirred at room temperature for 
15 h, concentrated in vacuo and the residue partitioned 
between ether containing ethyl acetate and a solution of 
cold, dilute sodium hydroxide and the organic layer 
dried (potassium carbonate) . The solvent was removed in 
"vacuo Vnd the^esTdue was dissolved in toluene with a 
catalytic amount of sodium cyanide and refluxed for 15 
hours. The solvent was removed in vacuo, the residue 
was dissolved in ethyl acetate and washed with water two 
times. The organic layer was dried (sodium sulfate) and 
evaporated. The residue was purified by flash 
chromatography, eluting with 40-60% ethyl 
acetate/hexanes and recrystallized from ethyl acetate, 
to provide a tan solid (1.09 g, 48%): m.p. 125.5-127-C. 

b , ] - (? , 4-n< nnbonrvl ) -4- (3TYPl OPPHf Vl OXV~4~ 

iTHimfYPhfnYn-2-PYrrm IfH none A solution of 1- (2,4- 
dinitrobenzyl) -4- (3-cyclo P entyloxy-4-methoxyphenyl) -2- 
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pyrrolidinone (0.1 g, 0.22 ramol) in methanol (7 mL) and 
f anhydrous tetrahydrof uran (2.5 mL) was treated with 

ammonium formate (0.4 g) and 10% palladium on carbon (40 
j mg) . The suspension was stirred for 2 h under argon. 

5 The reaction was then filtered through celite and washed 
with methanol. The solvent was removed In vacuo and the 
residue was partitioned between chloroform and water. 
After extracting, the organic layer was dried (potassium 
carbonate) and concentrated in vacuo. The residue was 
10 purified by flash chromatography, eluting with 0-2% 

methanol /ethyl acetate, to provide a resin of the title 
compound (70 mg, 79%) . 

Analysis Calc. for C 2 3H29 N 303- 0#29H 2°: c 68.97, H 
7.44, N 10.49; found: C 69.26, H 7.36, N 10.09. 

15 

EXAMPLE 30 

1 - f 4-nxan H rinhpnzvl 1 -4- nDftntv'l QXV-4- 
"V^ o ^hnxyphPnvll^-nvrrnHdlnong 

A solution of 1- (4-carboxycarbamido-benzyl) -4- 
(3-cyclopentyloxy-4-methoxyphenyl)-2-pyrrolidinone (458 
mg, 0.99 mmol) in dimethoxyethylene glycol and N- 
methylmorpholine (200 mL, 1.82 mmol) was treated with 
isobutyl chloroformate (230 mL, 1.8 mmol). Liquid 
25~ r anu^ flask, and to 

it dimethoxyethylene glycol (10 mL) was added. 
Approximately ten minutes after the isobutyl 
chloroformate was added to the flask, part of the 
ammonia/ethylene glycol dimethyl ether solution (ca. 2-5 
30 mL) was added to the reaction flask. After 45 min, the 
solvent was removed in vacuo and the residue was 
dissolved in chloroform and washed twice with cold 
aqueous acid and twice with water. The organic layer 
was dried (sodium sulfate) and concentrated in vacuo to 
35 yield a resin, which was purified by flash 

chromatography, eluting with a gradient of 70-100% ethyl 
acetate/methylene chloride and finally with 99:1 ethyl 
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1 acetate/methanol. The title compound (190 mg, 43%) was 

a white solid: m.p. 180-182'C. 
, AaalXSia Calc. for C 25 te&*>5'- C 66.50, H 6.47, N 

9.31/ found: C 66.66, H 6.47, N 9.57. 

5 

FX AMPLE 31 

~\- t? , ™ r tr«>* rfnh>nr.vi ) -4- f Vnvr. , 1 nppnfvl nxy-4- 
"'"^ m r 1 - h »v Yr hpnvi \ -7-nvrrctl 1 fl \ none . 

A solution of 1- (2, 4-diaminobenzyl) 040 (30- 
cyclopentyloxy-4-methoxyphenyl) -2-pyrrolidinone prepared 
as described in Example 29 (0.22 g, 0.55 nunol) in dry 
pyridine at 0»C was treated dropwise with acetic 
anhydride (209 mL, 2.20 mraol) . After stirring 
,5 overnight, the reaction mixture was partitioned between 
ice cold aqueous hydrochloric acid and ethyl acetate, 
the aqueous layer extracted, and the combined organic 
layers washed with aqueous hydrochloric acid, water, 
aqueous sodium bicarbonate and dried (sodium sulfate) . 
20 The solution was concentrated in vacuo, giving a resin 
which was purified by flash chromatography, eluting with 
1:99 methanol/ethyl acetate to provide, a resin of the 

title compound (167 mg, 63%) . 

Calc. for Ci^WUW- J^M^S^ 

25 N 1T.68; fund: C 66.73, II 6.93, N 8.52. 

p.y&MPT.K 32 

1 M - r Y f Tr ^ 0 n,vn- < i-f3-rvr1np P nrYlmrY-4- m pfhnHYPh R ny l )- 

?-ryrrn' 1 lrf<nnnt! 

"V 5- ! 30 

A solution of methyl 4-amino-3- (3- 
cyclopentyloxy-4-methoxyphenyl)butyrate (2.1 g, 6.8 
nunol) and 4- cyanobenz aldehyde (1.1 g, 8.2 mrnol) in 
chloroform under an argon atmosphere was stirred for 72 
35 h at room temperature a*d then heated at reflux for l 25 
h The mixture was cooled, the solvent was removed in 
vacuo, the residue was redissolved in tetrahydrofuran 
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and a solution of anhydrous hydrochloric acid in ether 
(1.0 M, 9.0 mL) was added. The solution was evaporated 
to dryness, the residue was redissolved in absolute 
methanol and to this solution chilled to 0»C sodium 

5 cyanoborohydride (0.6 g, 9.5 mraol) was added. The 
mixture was stirred at room temperature overnight, 
partitioned between methylene chloride and dilute, cold 
sodium hydroxide. The aqueous layer was extracted, and 
the combined organic layers washed with water and dried 

10 (potassium carbonate) . The solvent was removed in 
vacuo, the residue was dissolved in ethyl acetate and 
washed with water two times. The organic layer was 
dried (sodium sulfate) and evaporated. Purification by 
flash chromatography, eluting with 75% ethyl 

15 acetate/hexanes, provided a slid of the title compound 
(1.4 g, 44%): m.p. 92-93 8 C. 

fin* lysis calc. for C24H26N2O3: c 73 - 82 ' 6 ' 71 ' N 
7.17; found: C 73.78, H 6.95, N 7.12 

20 F.XM1PLE 33 

1-M- n-TnH H^ni hPnr v l 1 -4- n- rvnl npftnt y 1 oxy-4- 
mpfhnvyphpnvi > -?-pvrrn1 1 fit none 

A solution of methyl 4-amino-3- (3- 

25 - cyclopentylbxy-4-methoxyphenyl) butyrate "(0 r4 6 gr 1t4 

mmol) and 4- (l-imidazo)benzaldehyde (0.29 g, 1.7 mmol) 
in chloroform under an argon atmosphere was heated .at 
reflux for one hour. The mixture was cooled, the 
i solvent was removed in vacuo, the residue was 

redissolved in tetrahydrofuran and a solution of 
anhydrous hydrochloric acid in ether (1.0 M, 2.0 mmol) 
! was added. The solution was evaporated to dryness, the 

residue was redissolved in absolute methanol, chilled in 
an ice bath and a solution of sodium cyanoborohydride 
35 (0 15 g, 2.3 mmol) in methanol was added. The mixture 
warmed to 20 "C over 1.5 h, was kept at 5"C for 16 h and 
concentrated in vacuo. The residue was partitioned 



30 



1 



WO 92/19594 



PCT/US92/03613 



- 62 - 



10 



IS 



between methylene chloride and dilute, eld sodium 
hydroxide. The organic layer was washed with water and 
dried (potassium carbonate) . The residue after 
concentration, was dissolved in toluene with a catalytic 
amount of sodium cyanide and was refluxed for 24 h. The 
solvent was removed In vacuo, the residue was dissolved 
in ethyl acetate and washed with water tow times. The 
organic layer was dried (sodium sulfate) and evaporated. 
Purification by successive flash chromatographies, first 
with a gradient of 2-10% methanol/chloroform and then 
with a gradient of —2% methanol in chloroform 
(equilibrated with ammonium hydroxide and dried over 
potassium carbonate) provided a brittle resin of the 
title compound (159 mg, 26%) . 

m-ivf Calc. for C 26 H 29 N 3 03-1/2H 2 0: C 70.89, n 6.86, 
N 9.53; found: C 70.91, H 7.12, N 9.29. 



F| yaMPT.R 34 

fJW ^Cl q , 1 ~ < » -4- f Vnvrl nppnrvl nxy-4- 

20 m f» f hnvyphPnyl ) -?-pvrrnl 1 rl \ none 



A solution of methyl 4-amino-3- (3- 
cyclopentyloxy-4-methoxyphenyl)butyrate (2.1 g, 6.6 

nmiol)_and..4-hydroxybenzaldehyde ; J.0,_9 

25 chloroform under an argon atmosphere was heated at 

reflux for 1.5 h. The mixture was cooled, the solvent 
was removed in vacuo, the residue was redissolved in- 
tetrahydrofuran and a solution of anhydrous hydrochloric 
acid in ether (1.0 M, 7.4 mL) was added. The solution 
was evaporated to dryness, the residue was redissolved 
in absolute methanol, chilled in an ice bath and sodium 
cyanoborohydride (0.55 g, 8.7 mmol) was added. The 
mixture was warmed to room temperature overnight, 
concentrated in vacuo and the residue partitioned 
between methylene chloride and dilute, eld sodium 
hydroxide. The organic layer was washed with water and 
dried (sodium sulfate) . The residue was dissolved in 
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toluene with a catalytic amount of sodium cyanide and 
was refluxed for 1.5 h. The solvent was removed in 
vacuo, the residue was dissolved in methylene chloride 
and washed with water two times. The organic layer was 
dried (potassium carbonate) and evaporated. 
Purification by flash chromatography, eluting with 50- 
90% ethyl acetate/hexanes, and crystallization from 
ethyl ether. provided a solid of the title compound (934 
mg, 37%): m.p. 118-120°C. 

analysis Calc. for C23H27NO4: C 72.42, H 7.13, N 3.67; 
found: C 72.33, H 7.17, N 3.59. 




EXftMPI.F. 35 

1 - [P ith y 1 n — nnphonvi \ arfttatoi-4- (3-RvclnpRnf . v l oxy- 

4-mPthnxv phf.ny 1 ) -?-Pvrrn 1 idinone 
a) pt»fhyT 4- f w- 1 4-t-- ft iit-ny Y c.arhnnv1 amlnn-1 -nnrhnpthoxy- 

honryl 1 ami nt»1 npi»nt-ylnxv-4-met-hnXVPhfiny l ) ~ 

Vint annate To a solution of methyl 3-cyano-3- (3- 
cyclopentyloxy-4-methoxyphenyl) propionate (484 rag, 1.6 
mmol) in methanol (20 mL) was added 70% perchloric acid 
(155 mL, 1.7 mmol) and 10% palladium on carbon (12 mg) . 
The resulting mixture was hydrogenated at 50 psi for 2 h 
and filtered through a pad of celite. The filtrate was 
25 — concentrated -in-vacuo. - -The solid -residue was 

partitioned between methylene chloride and aqueous 
sodium carbonate, washed an additional time with aqueous 
sodium bicarbonate and the organic layer was dried 
(sodium sulfate) . The solvent was removed in vacuo, the 
residue dissolved in dimethylf ormamide (5 mL) and^j;^^ 
treated with ethyl 2-chloro-2- (4-t- " * 

butoxycarbonylaminophenyl) acetate (503 mg, 1.6 mmol), 
sodium iodide (240 mg, 0.32 mmol) and triethylamine (225 
mL, 1.6 mmol). After stirring at room temperature under 
an argon atmosphere for 1 h, the residue was partitioned 
between ether and water and extracted several' times . 
The organic extract was dried (magnesium sulfate) and 
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, Fl y&MPT.P. 38 

^' V ~V?/ -1-H- E ^h ^ n^ n rV " V^»"^^- < ^-^-^v^ . 1nppn^-Y^o«Y - 

^- m^hnvyp hrnYl 1 - 9 - m,rrn1 1 Hi npne 

j ■ 

3 A solution of l-(4-cyanobenzyl,-4-(3- 

cyclopentyloxy-4-methoxyphenyl,-2-pyrrolidinone, 
prepared as In Example 32 (850 mg, 2.18 nunol) in 
methanol (25 mL) in a pressure vessel, was treated with 
ammonium sulfide (15 mL, 53 nunol of a 23.9% solution,. 

10 The vessel was sealed and the reaction stirred for 1 h 
at 65-75«C. The reaction mixture was concentrated in 
vacuo, water added and the aqueous phase extracted three 
times with methylene chloride. The extracts were washed 
with water two times, dried (sodium sulfate) and 

15 evaporated to a yellow residue. The residue was 

crystallized from ethanol /water . Purification by flash 
chromatography, eluting with 60-75% ethyl 
acetate/methylene chloride followed by crystallization 
from ethyl acetate/ethyl ether provided a yellow solid 

20 (682 mg, 74%): m.p. 85.5-87.5°C. 

aaaiyaia Calc. for C24H28N2O3S: C 67.90, H 6.65, N 

6.60; found: C 67.63, H 6.81, N 6.38. 
; ._ : fiXAMPhfi 39 __: 

" 1 _ ni r t . nn „ Yr h t .n Yl 1 -P-rv-" 1 « m ^ fr1rni nf1t de 

~^St h9 „ r A solution of i-(4-aminothiocarbonylbenzyl)-4- 

" ' "( 3 -cyclopentyloxy-4-meth 0 xyphenyl)-2-pyrrolidinone from 
Example 38 (290 mg, 0.68 nunol) in acetone (4 mL) was 
■ treated with methyl iodide (100 mL, 1.61 nunol) . The 
reaction was capped and stirred for 18 h At room 
temperature. Ethyl ether was added to complete the 
formation of a cream colored solid which was removed by 
35 filtration and washed with ether (336 mg, 87%, : m.p. 
170-172°C. 
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acetate/ethanol and extracted with cold 10% aqueous 
hydrochloric acid. The acid extracts -ere washed four 
time, with ethyl acetate and the aqueous layer made 
alkaline with aqueous sodium carbonate and extracted 
5 three times with methylene chloride. The ^ ined 

.ethylene chloride phase was dried (Potassium carbonate, 
and evaporated to provide a brittle resin (44 mg, 27%, . 
iUialxaj I Calc. for C 26 H 29N3 03-1/2H 2 0: C 70.89, H 6.86, 
N 9.54; found: C 70.95, H 6.75, N 9.21. 



F ,y&MPT.F. 42 

' 1 _ M .n<n,At-htri ami nnrarhnnvlhpTuyl 1 " 4 " (3 " 

°2l r ^ t r jr1 nnr nfy 1 — " n^hmnmhenvl \ -7-rvrrnl 1 ri1 none 

0 
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A solution of l-(4-carboxybenzyl)-4-<3- 
cyclopentyloxy-4-n,ethoxyphenyl,-2- P yrr 0 lidinone from 
Example 3 (225 mg f 0.62 mmol, in tetrahydrofuran (IS^mL, 

-ZZ an argon atmosphere was treated with the dropwise 
addition of N -metnylmor P holine (112 mL, 1.02 mmol, In 
a second flask, dimethylamine (15 mL) was bubbled into 
-7B-C solution of dry tetrahydrofuran (15 mL, . The 
solution of the acid and the N-methylmorpholine was then 
treated with isobutyl chloroformate (135 mL, 10.2 mmol, 
and allowed to stir for 7 mi n under an argon atmosphere. 

~ T h77ix7d anhydride suspension was transferred^ 

i i j- ~im 4 no anrl tine ( 
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The mixed anhydride suspension .a. n—™-— 
cannula to the flask containing the amine and the cold 
hath was removed. After 15 min, the reaction -as ■ 
concentrated in vacuo and partitioned between 
acetate and aqueous sodium carbonate. The aqueous phase 
was extracted with ethyl acetate and the «™""«<\ 
organic extracts were washed with water, dried (sodium 
sulfate, and evaporated. Purification by ; «■* 
chromatography, elutin, with 4-6* methanol in ethyl 

N 6.36; found: C 70.94, H 7.26, N 6.31. 
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RYaMPT.K 43 

\ - f 4-R r c,t-nvv h f '"V 1 ' f V-rvrlnpnntVlnK . y-4- , 

m p fhpyyphonyi i -7-tivrmH rlinons 

A solution of l-(4-hydroxybenzyl)-4-(3- 
cyclopentyloxy-4-methoxyphenyl ) -2-pyrrolidinone, 
prepared as in Example 34 (239 mg, 0.63 mmol) in 
pyridine (2 mL) at 0«C was treated with the dropwise 
addition of acetic anhydride (160 mL, 1.7 mmol) and 
allowed to stir for 72 h under an argon atmosphere. The 
reaction was poured into ice cold aqueous hydrochloric 
acid and extracted twice with ethyl acetate. The 
organic extracts were washed with cold dilute 
hydrochloric acid, cold water and cold aqueous sodium 
bicarbonate. The extracts were dried (sodium sulfate) 
and evaporated. Purification by flash chromatography, 
elating with 60% ethyl acetate/hexanes, provided a resin 
(148 mg, 55.5%) . 

Arrivals Calc. for CzsHzgNOg: C 70.90, B 6.90, N 3.31; 
found: C 70.71, H 7.00, N 3.25. 



example 44 

1 - ^-^of ^ Hn-7-ami nnhPn? vl ) -4-(Vrvr1 nppnt . yl qxv- 
^ 4-moi-hnxvD hpnvl ) -?-py rrn) Hi non a 
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a) 1 -A-* m i nn- ? -^*-rnhPn7.v1 \ -4- f iTIVC 1 OPPnt" Vl PXy-4- 

mf ,fhnv Yphpnvi ) -?-Pv rrnl 1 fll none, and l-(?-ftm1nn-4- - 
n1 r r-nh t »n7 V 1}Qiin/^-rvr1nnPnf,vlnxv-4-nipr , hQXYPhPnY l )-- 2 - 
ryr mHri<n ane . A suspension of 1- (2, 4-dinitrobenzyl) -4- 
(3-cyclopentyloxy-4-methoxy P henyl) -2-pyrrolidinone from 
Example 29 (426 mg, 0.94 mmol) in ethanol (60 roL) was 
treated with three portions of ammonium sulfide (1.67 g 
total, 23.9% solution in ethanol, 5.9 mm total) and 
heated to reflux for 10 min after each addition and 
subsequently allowed to stir at room temperature for 10 
h under an argon atmosphere. The solvent was removed in 
vacuo and the residue purified by flash chromatography. 
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Elution with 50-60% ethyl acetate/hexanes afforded the 
2-amino-4-nitro isomer (140 mg, 35%) while ^inued 
elution with 70-90% ethyl acetate/hexanes provided the 
4-amino-2-nitro isomer (180 mg, 45%) . 

b) g^i^Ac, r n n in-?-n1 rrnhenrvl ) H- f Vryrl nprnt-yloxv- 
A^nfitho ^hp n vl ) - 2 -PV .r rnl iiUn nne . a solution of l-(4- 
amino-2-nitrobenzylbenzyl) -4- (3-cyclo P entyloxy-4- 
methoxyphenyD-2-pyrrolidinone (180 mg, 0.42 mmol) in 
pyridine cooled to 0»C was treated dropwise with acetic 
anhydride (105 mL, 1.1 nunol) . The reaction was allowed 
to stir for 18 h at room temperature under an argon 
atmosphere. The reaction was poured into ice cold 
aqueous hydrochloric acid and extracted twice with ethyl 
acetate. The organic extracts were washed with cold 
dilute hydrochloric acid, cold water and cold aqueous 
sodium bicarbonate. The extracts were dried (sodium 
sulfate) and evaporated. Purification by flash 
chromatography, eluting with 60% ethyl acetate/hexanes, 
provided a resin (200 mg, 100%) . 

c) ^ M- ^^Hn-.-minnhmuvD 1 M-rvrlnPPntVlMlV- 
^ft^yph-nvi 1 -7-pvrrol 1 dJ none. A solution of l-<2- 
nitro-4-acetamidobenzyl) -4- (3-cyclopentyloxy-4- 

_ methoxyphenyl)^2^y^ndin^ne (814 mg, 0T42 mmol) in 
methanol (4 mL) and tetrahydrofuran (3 mL) was treated 
with 10% palladium on carbon (43 mg) and ammonium - 
formate (400 mg, 6.35 mmol). The reaction was allowed 
to stir under argon for 5 h, then filtered through 
celite The solvent was removed in vacuo and the 
residue was partitioned between cold aqueous sodium 
carbonate and chloroform. The organic extracts were 
washed with water, dried (potassium carbonate) and 
evaporated. Purification by flash chromatography, 

eluting with 75-100% ethyl - etate/methyl ^^ C ^ e ; 
followed by recrystallization from warm ethyl acetate 
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and washing with ether provided orange crystals (35 mg, 
20%) : m.p. 1B4-106°C. 

Analysis Calc. for C25H31N304 . 1/4H20: C 67.93, H 7.18, 
N 9.51; found: C 68.08, H 7.13, N 9.22. 

5 

F.vaMPTiF. 45 

< 1 i _ f 7- A ni»t f.p«<Hr.-i>-a n i< nnhAny.vl 1 -4- M-CVPl PPPntV l Q«V~ 

^,vn_ 4-m^hnKvnhpnvl>-2-nvrrnHfHnone 
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A solution of l-(2-amino-4-nitrobenzyl)-4-(3- 
cyclopentyloxy-4-methoxyphyenyl) -2-pyrrolidinone from 
Example 44 (140 mg, 0.33 mmol) in pyridine cooled to 0°C 
was treated dropwise with acetic anhydride (100 JIL, 1.1 
mmol) . The reaction mixture was allowed to stir for 24 
h at room temperature under an argon atmosphere, and 
submitted to another two cycles of treatment with acetic 
anhydride (200 mL, 2.2 mmol; 400 uL, 4.4 mmol). The 
reaction was poured into ice cold aqueous hydrochloric 
acid and extracted twice with methylene chloride. The 
organic extracts were washed with cold dilute 
hydrochloric acid, cold water and 10% aqueous sodium 
hydroxide. The extracts were dried (potassium 
carbonate) and evaporated to provide an oil (114 mg, 
74%) . 1- (2-Acetamido-4-aminobenzyl) -4- (3- 



25 cyclo~P^yI^x^4^methoxyphenyl) -2-pyrrolidinone . A 
solution of i-(4-nitro-2-acetamidobenzyl)-4-(3- 
cyclopentyloxy-4-raethoxyphenyl) -2-pyrrolidinone (114 mg, 
0.24 mmol) in methanol (10 mL) and tetrahydrofuran (1.5 
mL) was treated with 10% palladium on carbon (32 mg) and 
ammonium formate (246 mg, 3.9 mmol). The reaction was 
allowed to stir under argon for 4 h, then filtered 
through celite. The solvent was removed in vacuo and 
the residue was partitioned between cold aqueous sodium 
carbonate and methylene chloride. The organic extracts 
were washed with water, dried (potassium carbonate) and 
evaporated to provide a glass (75 mg, 71%) . 
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En* lysis Calc. for C25H31N3O4: C 68.63, H 7.14, N 9.60; 
fund: C 68.63, H 7.25, N 9.40. 

RYAMPT.K 4fi 



1 -n- r ?-rhi nrn^ot-^irin) hpnzvl 1 "4- n-nvnl oppntyl oxy-4- 

^ " ""XjJ mf »t-hnyyp hony1 i -'2 -pyrrol idinone 

To a mixture of 1- (3-aminobenzyl) -4- (3- 
10 cyclopentyloxy-4-methoxyphenyl)-2-pyrrolidinone (0.23 
g, 0.6 mmol) and powdered sodium carbonate (0.13 g, 
1.21 mmol) in dry acetone (4 mL) under an argon 
' • atmosphere at room temperature was added dropwise 

' chloroacetyl chloride (0.09 mL, 1.13 mmol). After 
15 stirring for 4h, the solvent was removed under a stream 
I of argon and the residue was partitioned between 
methylene chloride and ice water containing dilute 
i hydrochloric acid. The aqueous layer was extracted 

• three times with methylene chloride, the combined 
20 organic extract was dried (sodium sulfate) and the 

solvent was removed in vacuo. Half of the residue was 
purified by flash chromatography, eluting with 1:1 
ether/methylene chloride, and the other half was 
purified by flasb^cbxorot^gra^ 
: 25 ethyl acetate/methylene chloride, to provide a foam of 
the title compound (0.22 g, 80%) . 

fina lysis Calc. for C 2 5H29C1N 2 0/1 : C 65.71, H 6.40, . 
N 6.13; found : C 65.72, H 6.40, N 5.99. 

,30 EXAMPLE 47 

1 - [ f -,,-rHinr n nr r rn"-^"''— ' 11 - < '-'^ 1 ' 1pf,nl ' YlnitY ' 4 ' 
~~"Os mrHl p, Y ph»nim-7-nvrrn11 til none 

35 J ^ I2= cia nr nn r pr nni 1 f 1 n^pnr , Yl1 1 ■ f7-ryrlprentyloxv-4- 
^^yph^i.-^rrnlHHnow To a mixture of l-(4- 
aminobenzyl) -4- (3-cyclopentyloxy-4-methoxy P henyl) -2- 



' WO 92/19594 PCT/US92/03613 



10 



15 



20 



- 13 - 



35 



pyrrolidinone (0.35 g, 0.92 mmol) and powdered sodium 
carbonate (0.195 g, 1.84 mmol) in dry acetone (B mL) 
under an argon atmosphere at room temperature was added 
dropwise chloroacetylchloride (0.132 mL, 1.66 mmol). 
After stirring for 1.5h, the solvent was removed and 
the residue was partitioned between methylene chloride 
and ice water containing dilute hydrochloric acid. The 
organic extract was washed twice With water, dried 
(soidum sulfate) and the solvent was removed In vacuo. 
The residue was purified by flash chromatography, 
eluting with 45-60% ethyl acetate/methylene chloride, 
and the product was triturated with ether to provided a 
white solid (0.35 g, 83%): of the title compound: 
m.p. 138-139°C. 

analysis Calc . for C25H29CIN2O4 : C 65.71, H 6.40, 
N 6.13; found : C 65.74, H 6.36, N 6.06. 

RXftMPTiFi 4B 

ij-H-ry^lnpur^yl nvy-d-niPl-hnyvnhpnvl ) -1 - f 4- (4 , 4- 
H1 mPf l^V 1 -9-n r j»*n1 < n-2-yl r-arhnnwl ami nnl hPflTiVl 1 ~2~ 

pyr-rnl \ HI none 

a) A - t -*-C.yr. 1 n pon^ y 1^^-^-mpthoj^ 



25 hyHrn"v"y-? - n,o^"hYi -2-nrnnvl carbfinil rtnrarhaml rln) hpnzy l 1 - 2 - 
pyrmnrtlnnne To a solution of 1- (4-N-carbomethoxy- 
carbamidobenzyl) -4- (3-cyclopentyloxy-4-methoxyphenyl) - 
2-pyrrolidinone (0.125 g, 0.27 mmol) in alumina-treated 
chloroform (10 mL) was added 2-amino-2-methylpropanol "T^ 
30 (0.051 mL, 0.54 mmol) and the mixture was stirred under 
. an argon atmosphere overnight. Additional 2-amino-2- 
methylpropanol (0.037 mL, 0.27 mmol) was added and 
stirring was continued for Bh. The chloroform was 
extracted with dilute hydrochloric acid, washed with 
water and dried (sodium sulfate) . The solvent was 
removed in vacuo and the residue was purified by flash 
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15 
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chromatography, eluting with 2% methanol in chloroform, 
to provide an oil (0.106 g, 79%). 

b) a. /i-rynl f. P ont-v1 0) f Y -^-n.Pt-hnvvnhpnvl )-1-H-H,4- 
^l^t-hvl - 7 - r »m < n-7-vl rarhnnvl Ami HO) hPn7 i V 1 , 1 ~ Z ~ 
ryrmiiHinnne To a solution of diethylaminosulfur 
trifluoride (0.054 mL, 0.4 mmol) in dry methylene 
chloride (15 mL) at -45°C urider an argon atmosphere was 
added dropwise over 40 min a solution of 4-(3-cyclo- 
pentyl-oxy-4-methoxyphenyl) -1- [4- (N-l-hydroxy-2-methyl-2- 
propylcarbamidocarbamido) benzyl] -2-pyrrolidinone (0 . 106 
g, 0.2 nunol) in dry methylene chloride (2.5 mL and then a 
6 mL rinse) . After 0.75h at -45°C, 5% aqueous sodium 
carbonate (5mL) was added, the mixture was allowed to warm 
to room temperature the organic layer was separated, dried 
(potassium carbonate) and evaporated. The residue was 
purified by flash chromatography, eluting with 2% methanol 
in chloroform, to provide a resin of the title compound 
(0.071 g, 70%) . 

analysis Calc. for C29H35N3O5 : C 68.89, H 6. 98, 
N 8.31; found : C 68.56, H 6.94, N 8.18. 

pytMPT.F, 4 9 



25 4- f ^-ry^l n P r nf yl r,v Y -4-n,Pfhnxvnhpnv1 ) -1- f 4- (? . -nx,l7 . oUn- 

i ^ narhnn yl »"-<nn) hpnrvl 1 -7-nvrml \ dinone 

* ^ a) ^-f^-nvnl n r r Pf Y 1 nvy-4-«Pl-hnxvphpriy 1 ) -1 - f 4- fN-? . ~ 

hyrir m TYP r^Y 1 ^ r h f iH Hnr.nrhmni dnhpnzvl 1 -7-nvrrnl 1 ril nonp . 

30 To a solution of 1- (4-N-carbomethoxycarbaraidobenzyl) -4- 
(3-cyclopentyloxy-4-methoxy P henyl) -2-pyrrolidinone 
(0 185 g, 0.4 mmol) in alumina-treated chloroform (10 
mL) was added ethanolamine (0.049 mL, 0.81 mmol) and the 
mixture was stirred under an argon atmosphere overnight. 

35 The solvent was removed in vacuo and the residue was 
purified by flash chromatography, eluting with 2-3% 
methanol in chloroform, and the product was triturated 
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with ether to provide a white solid (0.175 g, 89%): 
m.p. 133-134°C. 

b) 4-n-cvc.inppntvl P xy-4-mfithoxvphenvl \ -1-14-1 2=. 

5 n«».n1 1 n-2-yl narhnnv l hpnrvl 1 -7-PVrml 1 fl l none To 

a solution of diethylarainosulfur trifluoride (0.052 mL, 
0.39 nunol) in dry methylene chloride (15 mL) at -40 C 
under an argon atmosphere was added dropwise over 40 
min a solution of 4- <3-cyclopentyloxy-4-methoxyphenyl) - 
1 — £4— (N-2-hydroxyethylcarbamidocarbamidobenzyl]-2- 
pyrrolidinone (0.13 g, 0.26 mmol) in dry methylene 
chloride (10 mL) . After lh at -40°C f additional 
diethylarainosulfur trifluoride (0.02 mL, 0.15 nunol) was 
added. After lh, 5% aqueous sodium carbonate (4 mL) was 
added, the mixture was allowed to warm to room 
temperature the organic layer was separated, dried 
(potassium carbonate) and evaporated. The residue was 
purified by successive flash chromatographies, eluting 
in the first with 20% acetone in methylene chloride and 
in the second with 2.5% methanol in chloroform, to 
provide a white solid (0.05 g, 40%) of the title 
compound: m.p. 164-165 C. 

analysis Calc. for C27H31N3O5 : C 67.91, H 6.54, 
N 8.80; found : C 67.75, H 6.53, N 8.62. 



10 
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20 



25 



EYftMPT.E 50 



A— ^-rvni oponfyi nxv-4-mPthnxvr7hpnvT > — 1 — < 4— 
nyrnvanH rlnhpnzvl ) -2-PVTTnl iriinPHe 



30 



^"^J 0 To i-(4-aminobenzyl)-4-(3-cyclopentyloxy-4- 

' methoxyphenyl)-2-pyrrolidinone (0.183 g, 0.48 mmol) in 

dry methylene chloride (7 mL) under an argon atmosphere 
at room temperature was added dropwise a solution of 
35 pyruvoyl chloride (39.1% in carbon tetrachloride, 0.1 
mL, 0.48 nunol). After stirring for 4h, the mixture was 
poured into ice cold 5% aqueous sodium bicarbonate and 
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extracted three times with methylene chloride The 
organic extract was dried (sodium .sulfate) and the 
solvent was removed In .acuo. The residue was combined 
with the product of a similar reaction conducted on 1- 
5 (4-aminobenzyl) -4- (3-cyclopentylo X y-4-methoxy P henyl) -2- 
pyrrolidinone (54 mg, 0.12 mmol) and was purified by 
flash chromatography, eluting with 20-25% ethyl 
acetate/methylene chloride. The product was triturated 
with ether to provided a solid of the title compound 
(0.20 g, 72%): m. p. 95-97°C. 

Lil Calc. for C26H30N2O5 « C 69-31, H 6.71, 
N 6.22; found : C 69.02, H 6.59, M 6.29. 

By the methods given above, the following 
compounds were made. 



10 



IS 



FiXftM PT ' K 51 



i 

1 rr m-Tl nr Y-'-""^ hf ""^ hpnvl * -?-PV rrn1 1 rt1 nnne 



20 



A resin: Anal**!* Calc. for 02503*203-1/2 H 2 0: C 71.91, 
H 7.37, H 6.71; found : C 71.88, H 7.92, N 6.57. 



« T _ M -i - M-^ rr r mr 1 - mH-hnnvhenTyl ) -4- (3= 
^"^}X^ r]rr1nrrnt . v ^,-* W nM,ninrnhi-nYl)-7-PYrmHf11nQ i m 



.,, 1fi ,V. Analysis Calc. for C27H34N 2 04-l/4 
A solid, m.p. 166-169 C. An a lys i s 

30 H 2 0: C 71.26, H 7.64, N 6.16; found: C 71.27, H 7.54, 



N 6.04. 



35 ryrrnl Winona 
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! A resin: Analysis Calc. for C19H18F4N2O3 -1/4 H2O: C 56.65, 

H 4.63, N 6.95/ found : C 56.71, II 4.62, N 6.80. 

F1XAMPI1E 54 

5 

1- <4-Anffh*mjHnh*»n7y1 > -4- n. 4-M s-rH fl nnrnmfthhoxvphpmvl ) - 

... ,\ ?-pyrrnlld l no iig 
Xjj' ~W 

Ciy,, A^solid, m.p. 131-132 P C: Analysis Calc. for C21H20F4N2O4: 

10 C 57.27, H 4.58, N 6.36/ found : C 57.15, H 4.64, N 6.21. 

EXAMPLE 55 

1-M-Amino- 3 f ^-riiTiif.t.hnyvhen7.vl)-4-(3.4-b1n-rilflHPrQ- 
15 mot-hnxypb^nyl 1 -2-nvrrnH ril none 

(Pf) 

v . ,f>v. A resin: Analysis Calc. for C21H22F4N203* 1/2 H20: C 57.93, 
Vm l h 5.32, N 6.48/ found : C 58.15, H 5.16, N 6.31. 

20 F.YAMPT.E 56 

1 - / d-Anota m i 5-rH mPfhnxvhpn7Vl ) -4- ( 1 . 4-b l S" 



,vlW ^ n imrom cfhnxvphgnyl 1 -?-nvrrnl 1 ritnone 

- '-^-MhH •- ?c --"ir^o4nV~rnirfY^T^ "cncT"fbr~C?l1^^"4l»204^2 H~2CT: "C 57785, 



(Uu. 




II 5.28, N 5.87/ found : C 58.03, H 5.23, N 5.69. 

rxampt.K 57 

30 A- n-r.vrlQP «>n1- y1nx v -/l-»n»t-hnx V nhf»nvl 1 -1 -mRf . hOXVnif ! l- . hv l - 2 - 
° pyr-rnl <H<nnne 

An oil: Analysis Calc . for C18H25NO4: C 67.69, H 7.89, 
N 4.39; found : C 67.50, H 7.77, N 4.34. 
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p-pyrrnHfUnone 

An oils anfllYSla Calc. for C 24 H29N0 4 -1/4 H 2 0: C 72.07, 
H 7.43, N 3.50; found : C 71.93, H 7.28, N 3.40. 



RXRMPIiR 59, 



1U 

Formulations for pharmaceutical use 
incorporating compounds of the present invention can be 
prepared in various forms and with numerous excipients. 
Examples of such formulations are given below. 

15 Tnh f > ' lant ' fnn"" 1a ^ ion . . . 

A compound of formula I, (1 ug to 100 mg) is 

aerosolized from a metered dose inhaler to deliver the 
desired amount of drug per use. 



1. Active ingredient 
(Cpd of Form. I) 

2. Corn Starch 

3. Alginic acid 


PP*- Tablet 
40 mg 

20 mg 
20 mg 


4. Sodium alginate 


20 mg 


5. Mg stearate 


.1 . 3 m» 




01". 3 mg 


p ror pHnrr fpr Tablets: 





25 Step 2 



Step 1 Blend ingredients No. 1, No. 2, No. 3 and No. 
4 in a suitable mixer/blender. 
Add sufficient water portion-wise to the blend 
from Step 1 with careful mixing after each 
addition. Such additions of water and mixing 
until the mass is of a consistency to permit 
its conversion to wet granules. 
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A compound of the formula: 



10 



15 



20 



RiX 




(0) q (CH 2 ^, A 



wherein: . . . . . 

R x is Ci_i2 alkyl unsubstituted or substituted 

by 1 or more halogens, C 3 _ 6 cyclic alkyl unsubstituted or 
substituted by 1 to 3 methyl groups or one ethyl group; 
C 4 _ 6 cycloalkyl containing one or two unsaturated bonds; 
C7-11 polycycloalkyl, <CRi 4 Ri 4 ) n C(O>-O-<CRi 4 Ri4)nT R 10r 
(CR 14 Ri 4 ) n C (0) -O- <CRi 4 Ri4> r^ll' <CR 14 R i4 ) x OH, 
(CR 14 R 14 ) s O(CRi 4 Rl4)m-Rl0r (CRi 4 Ri4> s° (CRi 4 Rl4> r" R ll' 
(CR 14 Ri 4 ) n - (C (0) NR i4 ) - (CR i4 Ri 4 ) m - R 10< <CRl4 R 14> n" 
(C(0)NR 14 )-(CRi 4 Ri 4 )r- R ll' (CR14R14) y~ R ll' or 

(CRi 4 Ri 4 ) z -RlO'* 

Xi is O or S; 

X2 is O or NRi 4 ; 

X3 - is -hydrogen or X; 



25 X is YR2, halogen, nitro, NR]. 4 Ri 4 , or 

formaraide; 

Y is O or S(0)m; 

R 2 .is -CH 3 or -CH 2 CH 3 , each may be 

unsubstituted or substituted by 1 to 5 fluorines; 
30 r 3 is hydrogen, halogen, CN, C!_ 4 alkyl, 

' halo-substituted C^alkyl, cyclopropyl unsubsti- 
tuted or substituted by R 9 , 0R 5 , -CH 2 OR 5 , -NR5R16, 
-CH 2 NR 5 R 16 , -C(0)OR 5 , C(0)NR 5 R 16 , -CH=CR 9 R 9 , -C=.CR 9 
or -C(-Z)H; 



1 
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r 3 i is hydrogen, halogen r Ci_4alkyl, halo- 
substituted Ci-4alkyl, cyclopropyl unsubstituted or 
substituted by R 9 , -CII 2 0R 5 , -CH 2 NR 5 Rig, -C(0)OR 5 , 
-C(0)NR 5 R!6 or -C(-Z)H; 
5 A is 



1U 




or 



(c) Ci-3 alkyl unsubstituted or substituted by 
15 one or more fluorines or one or two R4 groups; 

m is an integer from 0 to 2; 

n is an integer from 1 to 4/ 

q is an integer from 0 to 1; 

r is an integer from 1 to 2; 
20 s is an integer from 2 to 4; 

x is an integer from 2 to 6/ 

y is an integer from 1 to 6; 

z is an integer from 0 to 6/ 

R 4 is independently hydrogen, Br, F, CI, 

25 NR 5 Rg> NR 6 Ri6/~ N0 2 , — C (Z) R 7 , -S (0) ^12* CN,~ ORig, 

-0C(0)NR 5 Ri6/l 2-imidazolyl, -C ( =NRi g ) NR5R1 g , 
-C(=NR 5 )-SRi2, -0C(0)CH 3/ -C <=NCN) NR 5 R 16 , "C(S)NR 5 R 16 , 
-NR!6-C(0)-Ri5, - C(0)R i5 , oxazolyl, thiazolyl, pyrazolyl, 
triazolyl or tetrazolyl; or when R5 and Rig are as 
30 NRsRig they may together with the nitrogen form a 5 to 
7 membered ring optionally containing at least one 
additional heteroatom selected from 0, N or 5/ 

R 5 is independently hydrogen or Ci-4alkyl, 

unsubstituted or substituted by one to three fluorines; 
35 R 6 is H, R12, -C(0)R 12 , -C(0)C(0)R 7 , -C(0)NR 5 R 16f 

-S(0) m R 12 , "S(0) m CF 3 , -C(-HCM)SRi2, -C(=NCN)R 12 , 
-C(=NR 16 )Ri 2 / -C(=NR 16 )SR 12f or -C (=NCN) NR 5 Rig, 
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Rig is OR5 or R5/ 

Z is 0, -NR 12 , -NOR5, NCN, -C(-CN) 2 , 
-CR5NO2, -CR 5 C(0)ORi2, -CR 5 C(0)NR 5 R5, -C(-CN)N0 2 , 
-C(-CN)C(0)ORi2 or -C (-CN) C (0) NR5R5/ 
5 or a pharmaceutical^ acceptable salt thereof; 

provided that m is 2 when Rio is OH in (CR14R14) n-C (O) O- 

(CRi 4 Ri 4 ) m -Rio f (CRi4Ri4) n -(C(0)NR 14 )-(CRi4R 14 ) n ,-Rio r 
or C(R 1 4R 1 4) s O(CR 14 Ri4) m RiQ and further provided that 
at least one of the R4 or R14 groups on (a) or (b) is not 

10 hydrogen when q is 0, R3, R3 • , Re and x 3 are H; x is 0R 2' 
X 2 is 0 and Xi is 0 or S. 

2. A compound of claim 1 wherein Xi and X2 
are oxygen, A is (a) , X is YR 2 , Y is O and R x is 
CH 2 -cyclopropyl, CH 2 -C 5 _6 cycloalkyl, C4..S cycloalkyl, 
• 15 tetrahydrofuran, cyclopentenyl, -Ci_7 alkyl, unsubstituted 
or substituted by one or more fluorines or chlorines; or 
-(CH 2 ) 2 - 4 OH; R 2 is a c l-2 alkyl optionally substituted by 
' one or more halogens, preferably fluorine or chlorine/ one 

R 3 is hydrogen and the other R3 is hydrogen, C5CR9, CN, 
I 20 C(-Z)H, CH 2 OH r CH 2 F, CF 2 H, or CF 3 ; R3« is hydrogen, Z is 
O, NCN or NOR5; X 3 is hydrogen/ R 4 is H, Br, ORj,s, CN, 
• NR 5 R 6 , N0 2 , C(0)R 7 , S(0) ra Ri 2 , 1- or 2-imldazolyl, 

-0C(0)CH 3 or NHC(0)R 15 / Re is C(0)0H, H or C(0)OEt; and 
R 14 is hydrogen, CH3, NH 2 or NHC(0)CH 3 . 

25 3 . A-compound- of -claim 1 wherein Rj -is 

Ci_4 alkyl substituted by 1 or more fluorines, 
CH2-cyclopropyl, CH 2 -cyclopentyl, cyclopentyl or 
cyclopentenyl, R 2 is methyl or fluoro substituted 
Ci_2 alkyl/ R 3 is hydrogen, C=CH or CN/ and R 4 is 

30 hydrogen, Br, NH 2 , NHC(0)CH 3 , C(0)OH, NHC (NCN) SCH3, 
NHC(0)NH 2 , N(CH 3 ) 2 , NHC (0) C (0) OCH3, NHC (0) C (0) OH, 
NHS(0) 2 CH 3 , C(0)0CH 3 , S(0) 2 CH 3 , SCH3, NHC (0) C (0) CH 3 , 
S(0)CH 3 , NHC(0)C(0)NH 2 , CN, C(0)NH 2 , NHS (0) 2 CF 3 , 
C(NH)NH 2 , 0-C(0)CH 3 , -C (0) N (CH 3 ) 2 , 1- or 2-imidazolyl, 

35 -NHC(0)CH 2 C1, -NHC (0) -oxazolidinyl, -NHC (0) -4,4- 
dimethyl-oxazolidinyl or OH. 
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4 A compound of claim 1 wherein Ri is 
cyclopentyl, CF 3 , CH 2 F, CHF 2 , CF 2 CHF 2 , CH 2 CF 3 , CH 2 CHF 2 
CH 3 , CH 2 -cyclo P entyl, CH 2 -cyclo P ro P yl or cyclopentenyl, 
r, is CF 3f CHF 2 , or CH 2 CHF 2 ; one R 3 is hydrogen and the 
other R 3 is hydrogen, C=CH or CM and is in the 4-position; 
one R 4 is hydrogen and the other is NHC(0)CH 3 , NH 2 , 
NH-C(=NCN)SCH 3 , NHC (O) G0 2 CH 3 , C(0)OCH 3 , NHC<0)NH 2 , or 
NHC(0)C(0)CH 3 , NHC(0)C(0)NH 2 / or wherein both R 4 groups 
are NII 2 or NHC(0)CH 3 ; R 8 is hydrogen and R 14 is hydrogen. 

5. A compound of claim 1 selected from the 
group consisting of: 

(S) -1- (4-Aminobenzyl) -4- (3-cyclopentyloxy-4- 
raethoxyphenyl) -2-pyrrolidinone; 

(R) ( 4-Acetamidobenzyl) -4- (3-cyclopentyloxy-4- 
methoxyphenyl) -2-pyrrolidinone; 

(S) -1- (4-Acetamidbbenzyl) -4- (3-cyclo P entyloxy-4- 
methoxyphenyl) -2-pyrrolidone; 

r-1- (4-Acetamidobenzyl) -4- <3-cyclopentyloxy-4- 
mtbP3i&*nX±±dtPJ.E™yd°*w ; ■_ _ 



1- (4-Oxamidobenzyl) -4- (3-c y clopentyloxy-4-methoxy- 
phenyl) -2-pyrrolidinone; 

4- (3-Cyclopentyloxy-4-methoxy P henyl) -1- (2, 4- 
diacetamidobenzyl) -2-pyrrolidinone; 

4- (3-Cyclopentyloxy-4-methoxyphenyl) -:1- <2, 4- 
diaminobenzyl) -2-pyrrolidinone; 

1- ( 4-Carbomethoxybenzyl) -4- (3-cyclopentyloxy-4- 
methoxyphenyl) -2-pyrrolidone; 



WO 92/19594 



PCT/US92/03613 



- 85 - 

4_ (3-cyclopentyloxy-4-methoxyphenyl) -1- <4-N' - tN-2- 
cyano-S-methyl-isothioureido J benzyl) -2-pyrrolidone; 

1- <4-N^Carbomethoxycarbamidobenzyl) -4-) 3- 
5 cyclopentyloxy-4-ethoxyphenyl) -2-pyrrolidone; 

4- (3-Cyclopentyloxy-4--methoxyphenyl) -1- (4-N- 
[ureido]benzyl-2-pyrrolidone; and 

10 4- (3-Cyclopentyloxy-4-methoxyphenyl) -1- (4- 

py ruvamidobenzy 1 ) -2-py rrolidinone . 

6* A pharmaceutical composition comprising a 
compound of claims 1-5 and a pharmaceutically acceptable 
15 carrier . 

7. A compound according to any one of claims 
1 to 5 for use in the inhibition of the production of 
tumor necrosis factor (TNF) or prevention of a TNF 

20 mediated disease state. 

8 . A compound according to any one of claims 
1 to 5 for use in inhibiting phosphodiesterase IV. 



25 s . A compound according to any one of claims 

1 to5 for use in the treatment of allergic and 
inflammatory diseases. 

10. Use of a compound of formula (I) as 
30 defined in claim 1 in the manufacture of a medicament 
for use in the inhibition of the production of tumor 
necrosis factor (TNF) or prevention of a *TNF mediated 
disease state. 

35 
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(c) compounds of Formula (7) wherein Rig is H 
are cyclized to provide compounds of Formula 8 



O 



10 



5 



R|X 2 



X 




n — n 



10 



wherein Rjg is H, which are further reacted with a 
strong base, followed by reaction with an appropriate 
activated alkylating agent to provide compounds of 
15 Formula (I) , or 

(d) for compounds of Formula (7) wherein Rj.9 is 
H and R3 is CONH2r the compound is first protected at 
R19 with a suitable protecting group, followed by 

20 amide dehydration, followed by removal of the 

protecting group to provide compounds of the Formula 
(7) wherein is H and R3 is CN, which are then 

cyclized to provide compounds of Formula (I), wherein 
R3 is CN, and X and X3 are other than 3(0) m R2, Br, I, 

25 — NO2 " o r "for amide "or 

(e) for compounds of Formula I wherein R3 is 
OR5, a compound of Formula (7) wherein R19 is H and R3 
is the protected or unprotected hydroxyl is alkylated 

30 on nitrogen and cyclized; or 

(f) for compounds wherein R3 is F the compounds 
of (e) are further treated with diethylamino sulfur 
trifluoride to provide the desired compound; or 
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(g) compounds of Formula (I) wherein R3 
represents the remaining R 3 groups of Formula (I), may 
be derived from the compounds of Formula (I) or (8) 
wherein R 3 is CN by protection of the amide and other 
sensitive functionalities, then reduction of the P 3 CN 
group to CHO followed by further transformation of the 
CHO group to the desired group to give a compound of 
Formula I. 
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